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Resumo 
Os quelicerados fazem parte do grupo dos artrópodes, o grupo de seres vivos 
actualmente mais biodiverso, e a sua posição basal na filogenia destes torna-os 
particularmente atractivos para explorar questões do foro evolutivo e do desenvolvimento, ou 
seja, para fornecer respostas na área da Evo-Devo. Dentro dos quelicerados, as aranhas 
(Classe: Arachnida; Ordem: Aranea) possuem uma especial relevância dado o seu elevado 
sucesso evolutivo, em grande parte devido ao aparecimento neste grupo de estruturas 
específicas - as fieiras -, órgãos capazes de secretar e manipular seda. Ao mesmo tempo, a 
maior parte das aranhas possui dois órgãos respiratórios ontogenética e estruturalmente 
diferentes. Neste contexto, foi alvo deste projecto averiguar o papel de genes candidatos no 
desenvolvimento de apêndices abdominais – fieiras, pulmões foliáceos e sistema de traqueias - 
na aranha modelo Parasteatoda tepidariorum a fim de elucidar quais os actores moleculares 
envolvidos. Ao mesmo tempo, através de uma perspectiva comparativa pelo filo Arthropoda, 
tentar-se-á perceber como estas estruturas poderão ter surgido evolutivamente e a que 
estruturas, se alguma, poderão ser homólogas. Pretendeu-se com isto fornecer contribuições 
para o conhecimento actual da Evo-Devo dos artrópodes em geral, e das aranhas em particular, 
com base no organismo modelo Parasteatoda tepidariorum. Assim, esperou-se identificar um 
conjunto de genes responsáveis pelo desenvolvimento dos apêndices abdominais nesta 
espécie, assim como tecer hipóteses acerca do surgimento destas estruturas e como se 
relacionam com estruturas homólogas dentro do restante filo Arthropoda. 
Com vista a abordar estas questões e cumprir os objectivos estabelecidos, genes 
candidatos foram clonados a partir da base de dados disponível para esta espécie de aranha, 
contendo o seu transcriptoma parcial. Os genes candidatos foram clonados para o 
desenvolvimento do sistema traqueal, assim como para o das fieiras. Com estes clones foi 
possível proceder-se para estudos de padrão de expressão génica através de protocolos de 
hibridação in situ, que revelaram padrões específicos para estes genes. 
No que toca aos pulmões foliáceos, o processo averiguado foi o do papel dos genes 
engrailed e wingless na segmentação desta estrutura altamente laminada. O seu padrão de 
expressão revelou que estes genes se expressam num conjunto de bandas adjacentes e não-
sobrepostas no primórdio destas estruturas. Isto é reminiscente do que se passa na formação 
de fronteiras inter-segmentares durante o processo de segmentação antero-posterior dos 
insectos, em que os genes engrailed e wingless se encontram expressos em domínios 
adjacentes em cada segmento, delimitando-se entre estas bandas o término de cada 
parasegmento e o início de um novo. Assim, é possível que se esteja aqui a observar um 
processo semelhante, em que estas bandas serão responsáveis pela segmentação dos pulmões 
foliáceos nas inúmeras lamelas que os compõem. 
As clonagens realizadas para os candidatos do sistema traqueal demonstraram que existe 
uma grande conservação dos genes necessários à construção deste sistema com os usados em 
Drosophila melanogaster para o desenvolvimento das suas próprias traqueias. Foram 
encontrados e clonados em Parasteatoda os genes spalt-related, trachealess, tango e sprouty. 
Estes genes estão igualmente presentes em Drosophila e encontram-se também conservados 
em vertebrados, nomeadamente em ratinhos e humanos, pelo que esta descoberta vem dar 
mais suporte à ideia de que a construção de estruturas funcionalmente e estruturalmente 
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semelhantes, como o são as estruturas ramificadas que compõem os pulmões dos vertebrados 
e as traqueias dos insectos, recorre às mesmas ferramentas génicas ao longo da evolução. 
Tendo ainda em conta a não-homologia entre o sistema traqueal das aranhas e dos insectos e 
entre estes e o sistema pulmonar dos vertebrados, podem ser assim considerados pelo menos 
três eventos independentes de surgimento de órgãos por morfogénese ramificada, servindo-se 
cada um deles do mesmo toolkit genético para obter os mesmos resultados. Esta observação é 
uma forte indicadora da grande ancestralidade do mecanismo de morfogénese ramificada nos 
animais, estando presente em organismos separados na árvore da vida por 65 milhões de anos 
no caso das aranhas e dípteros e 365 milhões de anos entre a radiação do grupo dos 
artrópodes e o dos vertebrados placentários. 
Finalmente, as hibridações in situ realizadas para o candidato clonado para o 
desenvolvimento das fieiras, o factor de transcrição AP-2, mostraram estar-se na presença, 
não de apenas um transcrito, mas dois transcritos diferentes. Estes poderão ter origem em 
dois genes diferentes, ou serem provenientes do mesmo gene, passando por splicing 
alternativo. Em todo o caso, um dos transcritos mostrou ter um padrão de expressão em 
forma de anéis ao longo das patas e pedipalpos, o que se assemelha ao padrão deste mesmo 
gene em Drosophila e que se encontra envolvido na formação de articulações nas patas. 
Quanto ao segundo transcrito, este revelou um domínio de expressão restrito à zona de 
segmentação e aos primórdios das fieiras, nos segmentos abdominais 4 e 5. Neste caso foi 
ainda possível realizar experiências de knockdown genético via microinjecções de RNA de 
dupla cadeia contra os genes candidatos. Este método revelou que o transcrito das fieiras é 
importante para o correcto desenvolvimento das fieiras no quinto segmento e da zona de 
segmentação, apesar de não ser essencial à sobrevivência dos embriões, que acabam por 
eclodir e completar as mudas iniciais. Infelizmente, devido a limitações técnicas, o mesmo 
procedimento para o transcrito das patas não surtiu qualquer efeito, gerando uma 
descendência totalmente normal e sem fenótipos visíveis. Ainda assim, é possível concluir-se 
que estes transcritos, encontrando-se também conservados em Drosophila, noutra espécie de 
aranha (Cupiennius salei) e, inclusive, em ratinho, mostram mais uma vez uma forte tendência 
evolutiva para a conservação de genes envolvidos em processos básicos de desenvolvimento 
embrionário. 
Assim, com esta tese de Mestrado, foi possível trazer à luz candidatos responsáveis por 
diferentes processos de desenvolvimento, lançando assim uma base sólida para a continuação 
de trabalhos exploratórios das redes de regulação e interacção génica presentes nestes 
sistemas, com vista a fornecer uma compreensão mais precisa e detalhada de como estes 
processos são regulados no tempo e no espaço para conferirem identidade individual, no 
organismo adulto, às estruturas típicas destes animais. É de notar que, dentro dos 
quelicerados, a aranha Cupiennius salei já tem sido usada extensivamente e actualmente 
outras espécies como Acanthoscurria geniculata e Pholcus phalangioides estão a começar a ser 
estabelecidas por vários grupos. Para além destas, diversas outras espécies de crustáceos e 
miriápodes estão a emergir em abundância como modelos artrópodes não-insecto, por forma 
a dar uma visão mais abrangente e completa da evolução deste enorme e variadíssimo grupo 
que é o Filo Arthropoda. Este projecto vem também mostrar e reforçar a utilidade de 
Parasteatoda tepidariorum como organismo modelo quelicerado na busca por respostas 
acerca da Evo-Devo destes organismos. 
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Abstract 
Arthropods are the most biodiverse group of living organisms, accounting for more than 
70% of all currently known species. The chelicerates’ position as the most basal branch within 
this group is especially well suited to answer questions about the evolutionary developmental 
biology of the Arthropods. Within the chelicerates, spiders in particular have benefited from 
long-lasting evolutionary success, mostly due to their possession of a set of unique 
appendages, the spinnerets, which have allowed them to colonize and thrive in a wide range of 
habitats. Another peculiar aspect of spider morphology is the presence of two different 
breathing organs, which, despite sharing a function as oxygen providers, are intrinsically 
different from a structural and developmental viewpoint. As such, this project aims to identify 
some of the suspected genes responsible for the development of these abdominal appendages 
in the common house spider Parasteatoda tepidariorum. This study, therefore, hopes to 
contribute new insights into the developmental processes present in the spiders and, 
additionally, try to provide evolutionary hypotheses as to how these processes and structures 
came about. The results here presented show that the genes engrailed and wingless appear to 
play a role in book lung development. Several evolutionarily conserved genes, such as spalt-
related, trachealess, tango and sprouty, related to tracheal development were detected in 
Parasteatoda’s transcriptome and subsequently cloned. The also conserved transcription 
factor AP-2 was found to be expressed as two different transcripts and functionally relevant 
for spinneret primordia formation, although the function of the second transcript in leg 
segmentation was not ascertained. All in all, this project uncovered several instances of 
evolutionary molecular conservation related to the development of similar or homologous 
structures of appendicular nature. The importance of including non-insect model species to 
further our understanding of Arthropod Evo-Devo is also strengthened by this study. 
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Introduction 
Arthropods comprise more than 70% of the actual known biodiversity1. Of all described 
species, arthropods are undoubtedly the most successful, as their wide dispersion and 
adaptation to a broad array of different habitats prove, being found in nearly all continents of 
the globe. Their diversity is also apparent in their morphology, behavior, ecology and life 
strategies. Thus, it is not without cause that this particular group of organisms is an especially 
attractive target for evolutionary and developmental biologists. 
Drosophila melanogaster has been the preferred model organism used in countless 
studies throughout these last decades to probe questions on the evolution, development and, 
more recently, on the Evo-Devo of arthropods. However, despite all the insights this model has 
provided, two very important factors must be taken into consideration that limit the range of 
questions that can be answered with this organism. The first is that we’re using only this one 
same arthropod to provide our answers. This extremely limited sampling does not account for 
variation that may be present in other arthropod groups. Secondly, and perhaps most 
importantly, is the fact that the Diptera, to which Drosophila belongs, is the most derived 
insect order out of all the insect groups. As such, this group will surely possess many specific, 
crucial differences, which are blatantly in contrast with what can be found in most other 
groups. 
In order to change this trend, several other organisms have begun being taken up as new 
models over the course of these last years, both within and outside the insect group, in an 
attempt to fill in the gaps in the picture. Still within the insects, we now find, for instance, 
Tribolium castaneum (Hexapoda; Coleoptera), Nasonia vitripennis (Hexapoda; Hymenoptera), 
Bombyx mori (Hexapoda; Lepidoptera) and Schistocerca gregaria (Hexapoda; Orthoptera). 
Artemia franciscana (Crustacea; Branchipoda) and Daphnia pulex (Crustacea; Branchipoda) 
comprise some of the crustacean models, while in the myriapods, Glomeris marginata 
(Myriapoda; Diplopoda), Lithobius atkinsoni (Myriapoda; Chilopoda) and Strigamia maritima 
(Myriapoda; Chilopoda) can now be found as establishing model organisms2. Finally, regarding 
the chelicerates, we find Limulus polyphemus (Chelicerata; Merostomata), Tetranychus urticae 
(Chelicerata; Arachnida), Cupiennius salei (Chelicerata; Arachnida) and Parasteatoda 
tepidariorum (Chelicerata; Arachnida)2. 
The chelicerates are in a particularly interesting position in the evolutionary tree of 
arthropods, since they branch off just at the base of the group, thus representing the most 
basal of the four groups and also the closest to the last common arthropod ancestor. This 
group is second in biodiversity next to the insects, comprising such diverse organisms as 
spiders, horseshoe crabs, scorpions, mites and ticks1, 2, 3. 
Spiders occupy a wide range of habitats, with life styles as diverse as their morphology 
and behavior. This ecological success and diversity were made possible mostly due to the 
development of structures associated to the production and manipulation of silk – the silk 
glands and spinnerets. Throughout evolution, spiders have refined their silk gland system, 
adding new kinds of glands and thus effectively increasing the number of functions to which 
silk may be applied for2, 4. This, in turn, propelled the spiders’ success in colonizing new and 
different habitats. At the same time, the development of efficient breathing structures was 
also an important hallmark in what was the first arthropod group to have to surpass the 
challenge of terrestrialization5. 
The spiders’ body is anatomically composed of two parts, or tagmata. The anterior part, 
the prosoma, or cephalothorax, contains the chelicerae, pedipalps, walking legs, eyes, mouth 
and the brain. The posterior part is known as the opisthosoma, or abdomen, and is where the 
breathing organs, as well as the spinnerets, the gonads and the heart are located. These two 
parts are articulated with one another via a narrow “waist” called the pedicel1, 6, 7. While in the 
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prosoma the appendicular nature of the chelicerae, pedipalps and legs are obvious, in contrast, 
it is fairly easy to assume that the opisthosoma does not possess appendages of any kind. 
However, looking back at the embryonic development, it is possible to verify that in fact both 
the prosomal and the opisthosomal structures derive from limb buds2, 4, 7. The crucial 
difference is that, while the prosomal appendages keep growing and elongating, the limb buds 
on the opisthosoma that will give rise to the breathing organs are invaginated and those that 
are fated to give rise to the spinnerets grow very little, thus giving the impression, in the adult 
organism, that this segment is devoid of true appendages (see Figure 1). 
 
 
 
 
 
Figure 1 – Parasteatoda stage 10 embryo under fluorescence, stained with SYTOX® Green, showing 
wildtype morphology (A) and schematic representation of the general adult spider anatomy (B). In 
both images anterior is to the left. Ch – chelicerae; HL – head lobes; L – leg; O – opisthosomal segment; 
Pp – pedipalp. Figure 1B taken from Pechmann et al. 2010
7
. 
 
 
The opisthosoma is comprised of twelve segments6, 7. The first forms the previously 
mentioned pedicel, articulating the abdomen with the prosoma. Segments six to twelve do not 
possess any structures, save for the anal tubercule in the sixth segment. These segments are 
extremely reduced, while the true appendages of the abdomen are located in the remaining 
segments, two to five6, 7. 
The second opisthosomal segment is where the book lungs are located. These breathing 
structures are unique to the arachnid group and consist of a stack of extremely fine, quitinized 
and highly irrigated lamellae in contact with an air pocket. They are invaginated into the 
abdomen and are ventilated through a slit in the ventral side of the animal, diffusing oxygen 
into the hemolymph, which then distributes it to all of the animal’s tissues5, 6, 8, 9. These “lungs” 
are then functionally more similar to gills than to a true lung. This perspective is supported by 
the actual hypothesis that book lungs are homologous to the book gills found on horseshoe 
crabs5. These gills are structurally identical to the book lungs, except for the fact that they are 
found outside of the body and draw oxygen from the surrounding water. The current theory 
suggests that, during the terrestrialization event of arachnids, these gills sunk more and more 
into the body as an effective adaptation to restrict water loss to the surrounding atmosphere5, 
9. The developmental mechanism behind these structures is not clear. Previous works done in 
Cupiennius salei have shown a striped pattern of the wingless gene in the book lungs’ limb 
buds4, 10. Another, independent work found a similarly striped pattern of the engrailed gene in 
these same structures7. As such, I decided to check for engrailed and wingless expression in 
Parasteatoda’s book lungs in order to look for possible gene expression conservation with that 
observed in Cupiennius. 
The third opisthosomal segment is variable. In the more basal groups of spiders, such as 
tarantulas, this segment houses another pair of book lungs. However, most species possess 
another, different breathing organ in the form of a tracheal system6, 7, 11, 12. This system is 
 A B 
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composed of a set of primary tracheae, with a larger diameter, which contact with the outside 
through a pair of openings – the spiracles – on the ventral side of the animal. These primary 
tracheae then branch further, giving rise to secondary tracheae, of a smaller caliber6, 13. 
Regarding the ontogenetics of these structures, no information to date has been obtained for 
arachnids. However, based on the knowledge acquired from Drosophila, one can make a few 
predictions. Among all the genes involved in the development of the tracheal system in 
Drosophila, some of them have homologs in vertebrates, including humans, thus providing a 
comfortable degree of confidence that they should also be conserved in spiders. Therefore, 
one could expect the presence of trachealess, the first gene to be expressed in the tracheal 
primordia, being necessary for the activation of the remaining genetic cascade and that will 
lead to the invagination of the cells of the tracheal placode13, 14, 15, 16. Tango is the 
heterodimerization partner of Trachealess and, as such, should provide a similar degree of 
conservation; it is necessary for the functionalization of Trachealess and, therefore, the 
activation of all the downstream effectors of tracheal development17, 18, 19. Branchless and 
Breathless follow, and are responsible for the branching process proper13, 20, 21. These 
molecules, as well as their function, are conserved in mammals as FGF10 and FGFR2, 
respectively, and are essential to the development of lung tissue, namely to its epithelial 
branching13, 20, 22, 23, 24, 25. Finally, there are still sprouty and spalt. The first one is an inhibitor of 
FGF signaling, effectively blocking the branching of the tracheal system locally13, 20, 26, 27; the 
second one is an inhibitor of Trachealess, preventing its ectopic expression in the terminal 
body segments14, 28. It is also necessary to confer those apical segments their terminal identity 
instead of trunk fate29. So, despite the non-homology between the chelicerates’ and the 
insects’ tracheal systems, the development of tubuliform structures, as well as the process of 
branching morphogenesis in general might indeed present several commonalities in its genetic 
program. 
At last, opisthosomal segments four and five possess those trademark appendages of 
spiders – the spinnerets. Even here, a great morphological diversity can be found. The most 
basal groups of spiders have long, segmented, leg-like spinnerets, reminiscent of their serial 
homology to the actual walking legs4, 6, 7. More derived spider species, however, still retain 
some spinneret segmentation, but their length has been greatly reduced, concealing their true 
appendicular nature. Furthermore, there is also a level of functional diversity in regards to 
spinnerets, since different species may present a different number of functional spinnerets. 
Some species have a full set of eight functional spinnerets (two pairs per segment), whereas 
most species have reduced this number down to six or even four. Parasteatoda tepidariorum 
and Cupiennius salei both possess one pair of functional spinnerets in the fourth abdominal 
segment and two more pairs in the fifth segment4, 6, 7. The reason for this functional diversity is 
unclear, although one might reason it must somehow be linked to the lifestyle adopted by 
each species and to the particular use those species make of their silk. 
Just as the spinnerets are diverse, so are there different kinds of silk and, by extension, 
different types of glands that produce them. Each type of silk is secreted by a specific kind of 
gland, conferring specific identities to each one2, 4. In this case, both the genetics underlying 
the development of these structures and their evolutionary history are shrouded in 
speculation. Even so, one particular work performed on Cupiennius has revealed a differential 
expression pattern for the Activator Protein-2 (AP-2) transcription factor between the 
spinneret limb buds4. Both limb buds start by expressing this gene; as the development of the 
embryo proceeds, the expression weakens and, ultimately, disappears in the fourth segment, 
while it is strengthened and retained in the fifth4. As the sole candidate, until now, playing a 
part in the specific development of these structures, this gene should provide a good starting 
point to begin probing the developmental mechanism behind the formation of the spinnerets 
and silk glands. It is still worth mentioning that this gene is apparently very conserved, being 
found in vertebrates, including mammals30, 31, 32, and playing a role in cell survival and leg joint 
formation in Drosophila33, 34. This is an interesting idea, since, were it to be proven true, it 
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would lend further support to the hypothesis of direct homology between the spinnerets and 
the remaining cephalothoric appendages4. 
All in all, spiders are exceptionally diverse in a variety of aspects, which makes them a 
valuable asset as model organisms to try to further understand how the immense variety of 
arthropods was originated. With this thesis I will therefore try to present some of the genes 
playing a role in the development of spider-specific appendages and thus expand on our 
understanding of arachnid Evo-Devo, all the while underscoring the usefulness of Parasteatoda 
tepidariorum as a non-insect arthropod model species. 
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Materials and Methods 
 
Spider Maintenance and Embryo Acquisition 
Spiders of the species Parasteatoda tepidariorum (Arthropoda; Chelicerata; Arachnida; 
Aranea; Theridiidae) were kept in Drosophila culture vials (Greiner Bio One), provided with 
terrarium substrate in order to maintain humidity inside the vials. All individuals were kept in a 
temperature and light controlled room, at 25ºC and constant light cycles (18L:6D). Males and 
juveniles were fed once per week with Drosophila melanogaster vestigial mutants; females 
were fed once a week with a single cricket nymph of the species Acheta domesticus. Matings 
were performed by transferring a mature male into the female’s vial. The male was left 
overnight to ensure that mating between the animals occurs and, if alive, the male was 
returned back to its own vial in the following morning. After a few days, females start 
producing viable cocoons containing around 100 to 300 eggs, whose developmental timing is 
more or less synchronized. The number of cocoons produced depends on the age and 
condition of the female. The cocoons were then dissected under a Stemi-2000 (Zeiss®) 
binocular using watchmaker forceps (Dumont 5) and the developing embryos within were 
extracted. After staging, these embryos undergo fixation in order to be used for further 
experiments. 
 
 
 
Embryonic Staging 
 
The developmental stage of the obtained embryos was determined according to the 
previously described characteristics reported by Akiyama-Oda et al. 200335, McGregor et al. 
20082 and Yamazaki et al. 200536. 
 
 
 
Candidate Gene Sources 
 
The candidate genes were chosen according to circumstantial evidence of their 
involvement in the processes herein studied. The possible involvement of engrailed and 
wingless in the Development of book lungs was noted in the review paper of Pechmann et al. 
20107 and in the Ph.D. thesis of Maarten Hilbrant4, respectively. The AP-2 gene’s expression in 
the spinnerets of Cupiennius salei (Cs-AP-2) was detected in the same Ph.D. thesis4. As for the 
genes responsible for the development of the tracheal system, these were chosen according to 
the current literature for the tracheal system development of Drosophila melanogaster. As 
such, the sequence of the Drosophila candidates was blasted to the spider partial 
transcriptome. 
 
 
 
Primer Construction 
 
Primers necessary for ortholog cloning and in situ hybridization for Pt-AP-2 and tracheal 
genes were designed with the help of the online software OligoCalc®.  
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Candidate Gene Cloning 
The candidate genes were cloned with a general molecular cloning protocol, with minimal 
adjustments for optimization of the process for Parasteatoda tepidariorum. Since there is only 
access to a partial transcriptome of Parasteatoda, the amplification step had to be performed 
as a RACE-PCR in order to extend the 3’ and 5’ sides of the target genes so that the end 
product was large enough to produce a workable probe in future in situs. The DNA 
concentration of the samples was then assessed using a NanoDrop apparatus, so that the 
produced samples could then be sent for sequencing (see Annexes for further details on 
primer sequence and properties and cloning Vector characteristics). 
 
 
RACE-PCR Reagents 
 
mQ H2O 20,5μL 
10x Advantage PCR Buffer 3μL 
dNTPs [2,5mM] 3μL 
Universal Primer Mix* 1μL 
Gene Specific Primer [10μM] 1μL 
Parasteatoda tepidariorum total cDNA 1μL 
Advantage Taq DNA Polymerase 0,5μL 
 
 
* Universal Primer Mix (UPM) – Combination of UPM_long_T3 [2μM] and UPM_short_[10μM] 
   
UPM_long_T3:  5’  ATTAACCCTCACTAAAGGGAAAGCAGTGGTATCAACGCAGAGT  3’ 
UPM_short_T3: 5’  ATTAACCCTCACTAAAGGGA  3’ 
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RACE-PCR Cycles 
 
Number of Cycles Temperature Duration 
1x 94ºC 2min 
5x 94ºC 30s 
 
72ºC 1min 
 
72ºC 2min 
5x 94ºC 30s 
 
70ºC 1min 
 
72ºC 2min 
25x 94ºC 30s 
 
68ºC 1min 
 
72ºC 2min 
1x 72ºC 5min 
 
8ºC ∞ 
 
 
Following extension, or for genes that possessed a sufficiently long sequence, standard 
PCR reactions were applied. 
 
 
 
 
Standard PCR Reagents 
 
mQ H2O 20,5μL 
10x Taq Buffer (Roche) 3μL 
dNTPs [2,5mM] 3μL 
Forward Gene Specific Primer [10μM] 1μL 
Reverse Gene Specific Primer [10μM] 1μL 
Parasteatoda tepidariorum total cDNA 1μL 
Taq DNA Polymerase (Roche) 0,5μL 
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Standard PCR Cycles 
 
Number of Cycles Temperature Duration 
1x 94ºC 2min 
35x 94ºC 30s 
 
60ºC 1min 
 
72ºC 1min ** 
1x 72ºC 5 min 
 
8ºC ∞ 
 
** This time is used for short sequences (~1kb); as a general rule, this duration is 1min/kb.    
 
 
 
Gel Electrophoresis 
 
Amplified DNA samples were then run on an agarose gel, prepared as follows: 
 
 
Large Gel 
 
Agarose 
 
1g 
1x TEA Buffer 
 
100mL 
   
 
Heated for 2min 
 
   
Ethidium Bromide 
 
3,5μL 
 
 
Parameters used:    Voltage = 120V 
Time = 50min 
 
 
 
Small Gel 
 
Agarose 
 
0,5g 
1x TEA Buffer 
 
50mL 
   
 
Heated for 2min 
 
   
Ethidium Bromide 
 
2,0μL 
 
 
Parameters used:    Voltage = 90V 
Time = 30min 
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Gel Extraction (MinElute Gel Extraction Kit (QiaGen®)) 
 
Excised the DNA fragment from the agarose gel into an eppendorf 
Filled eppendorf with QG Buffer 
Incubated at 50ºC until all gel was dissolved 
Added 100μL Isopropanol 
Applied sample to MinElute column in the respective collection tube 
Centrifuged at 10000rpm for 30 seconds 
Discarded flowthrough 
Applied remaining sample to MinElute column 
Centrifuged at 10000rpm for 30 seconds 
Discarded flowthrough 
Added 750μL PE Buffer to MinElute column 
Centrifuged at 10000rpm for 30 seconds 
Discarded flowthrough 
Centrifuged again at 10000rpm for 30 seconds 
Discarded flowthrough and collection tube 
Placed MinElute column in new eppendorf 
Added 15μL mQ H2O 
Centrifuged at 10000rpm for 1 minute 
Discarded MinElute column 
Stored Gel Extraction samples at 4ºC 
 
 
 
 
Ligation (TA Cloning Kit (Invitrogen®)) 
 
DNA Eluate 7μL 
T4 Ligase (5 Weiss Units) 1μL 
10x T4 Ligase Buffer 1μL 
pCRII Vector 1μL 
 
Incubated overnight at 14ºC in waterbath. 
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Transformation (in competent DH5α cells) 
 
Added 40μL X-Gal to LB-Ampicilin agarplates 
Dried agarplates at 37ºC 
Incubated LB Medium at 37ºC 
Thawed competent DH5α cells (50μL) in ice (about 10 minutes) 
Added 5μL of ligation product to cells 
Incubated in ice for 30 minutes 
Heated cells at 42ºC for 90 seconds 
Incubated in ice for 1minute 
Added 250μL incubated LB Medium to cells 
Shook cells at 37ºC, 225rpm, for 30 minutes 
Carefully added cells to dried agarplates 
Dried agarplates at room temperature 
Incubated agarplates overnight at 37ºC 
 
 
 
Colony Picking 
 
Added 5mL of LB Medium + Ampicilin (1:1000) to 3 test tubes (or 12 test tubes in the case of 
RACE-PCR) per sample (i.e. per streak-out plate from the previous protocol) 
With a pipette tip, scratched one of white colonies from the incubated agarplates 
With that same tip, scratched a corresponding space in a backup agarplate, then placed the 
pipette tip into the respective test tube 
Repeated for each test tube 
Stored agarplates at 4ºC 
Incubated backup agarplate overnight at 37ºC, then also stored at 4ºC 
Incubated test tubes overnight at 37ºC, 225rpm 
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Alkaline Minipreps 
 
Transferred 2,0mL of overnight test tube culture to eppendorf 
Centrifuged at maximum speed (14000rpm) for 2 minutes 
Discarded supernatant 
Transferred 2,0mL more of culture to same eppendorf 
Centrifuged at maximum speed (14000rpm) for 2 minutes 
Discarded supernatant 
Added 100μL GTE Buffer + RNAse A (1:100) 
Resuspended pellets in rocking table 
Added 200μL Alkali-SDS Solution 
Incubated at Room Temperature for exactly 4 minutes 
Added 150μL Acetate Solution 
Incubated at room temperature for 4 minutes 
Briefly shook eppendorfs 
Centrifuged at maximum speed (14000rpm) for 8 minutes 
Transferred supernatant to new eppendorf 
Added 750μL 100% ethanol 
Centrifuged at maximum speed (14000rpm) for 8 minutes 
Discarded supernatant 
Added 750μL 70% ethanol 
Centrifuged at maximum speed (14000rpm) for 8 minutes 
Removed supernatant 
Air dried pellets for about 5 minutes 
Resuspended pellets in 50μL mQ H2O 
Stored Minipreps at -20ºC 
 
 
 
Restriction Digest (for pCRII Vector) 
 
mQ H20 12μL 
Miniprep DNA 6μL 
10x EcoRI Buffer (Fermentas) 2μL 
EcoRI 0,2μL 
 
Incubated samples overnight at 37ºC 
 
 
 
Final Electrophoresis 
 
Following overnight incubation, another round of electrophoresis, described above, was 
performed in order to check that the digestion process occurred correctly, creating the 
expected number and size of sample bands. 
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Sequencing 
 
After selection of the appropriate samples to send for sequencing, these were put on a 
waiting list, prepared to a final concentration of 100ng/μL in a total of 20μL, and finally sent 
out to Macrogen, which proceeds to sequence those samples. 
 
 
 
Antisense RNA Probe Synthesis 
 
Standard PCR Reagents 
 
mQ H2O 17,5μL 
5x Phusion Buffer (BioLabs) 6μL 
dNTPs [2,5mM] 3μL 
M13F Primer * 1μL 
M13R Primer ** 1μL 
Candidate Gene Miniprep DNA 1μL 
PfuS/Phusion RNA Polymerase 0,5μL 
 
* Alternatively, the pBA-A Primer might be used instead.   
** Alternatively, the pBA-E Primer might be used instead. 
 
 
 
Standard PCR Cycles 
 
Number of Cycles Temperature Duration 
1x 96ºC 2min 
35x 96ºC 30s 
 
65ºC 1min 
 
72ºC 1min 
1x 72ºC 5 min 
 
8ºC ∞ 
 
 
Electrophoresis 
 
See protocol described above. 
 
 
Gel Extraction 
 
See protocol described above. 
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In vitro T7 Transcription 
 
Gel Extraction DNA 6μL 
10x Transcription Buffer (Roche) 1μL 
DIG-Labelled Nucleotide Mix (Roche) 1μL 
RNAse Inhibitor (Roche) 1μL 
T7 RNA Polymerase (Roche) 1μL 
 
Incubated at 37ºC for 2 hours 
 
 
Following incubation, the following was added to each sample: 
 
mQ H2O 90μL 
Ammonium Acetate 7,8M  45μL 
100% Ethanol 435μL 
 
Incubated overnight at -20ºC. 
 
 
Probe Precipitation 
 
Centrifuged at maximum speed (13200rpm) at 4ºC, for 20 minutes 
Removed all supernatant carefully 
Filled with 70% ethanol 
Centrifuged at maximum speed (13200rpm) at 4ºC, for 20 minutes 
Removed all ethanol carefully 
Air dried for about 5 minutes 
Resuspended pellets in 100μL mQ H2O 
 
 
 
 
Embryo Fixation 
 
Acquired embryos were fixed according to the protocol previously established and 
optimized for Parasteatoda tepidariorum, described by Akiyama-Oda et al. 200335 and Tautz et 
al. 198937. The embryos had to be dechorionated, incubated in fixing solution, washed in 
buffer and stored in methanol at -20ºC for later use. 
 
Washed embryos in 100% Klorix (commercial detergent) until all embryos were at the rim of 
the glass plate in order to dechorionate them 
Washed embryos in 50% Klorix + 50% distilled water for 10 minutes 
Washed embryos in 100% distilled water 3 x 10 minutes 
Transferred embryos to scintillation vials prepared with the following fixative: 
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PEMS 3,5mL 
37% Formaldehyde 0,5mL 
Heptane 4mL 
 
Incubated overnight in rocking wheel. 
 
Removed fixative completely 
Washed in 2mL PEMT for 10 minutes 
Washed in 2mL PEMT + 1mL 100% methanol (2:1) for 10 minutes 
Washed in 2mL PEMT + 2mL 100% methanol (1:1) for 10 minutes 
Washed in 2mL PEMT + 8mL 100% methanol (1:4) for 10 minutes 
Removed solution completely 
Added 100%Methanol 
Transferred embryos to eppendorf in 100% methanol 
Stored embryos at -20ºC 
 
 
In Situ Hybridization 
 
Simple In Situ Hybridization – Single Color 
 
The protocol for RNA probe construction, after obtaining the cloned gene candidates’ 
sequences, followed the directives established in Akiyama-Oda et al. 200335. 
The in situ hybridization protocol for Parasteatoda tepidariorum embryos followed that 
established and optimized by Akiyama-Oda et al. 200638, which, consists of a modified version 
of the protocol of Damen et al. 199839 (adapted, in turn, from the protocols of Klingler et al. 
199340 and Tautz et al. 198937 for Drosophila melanogaster) (see Annexes for detailed 
protocol). 
 
 
Double In Situ Hybridization – Two Color 
 
This protocol followed the same directives as those for the simple in situ hybridization 
described above. However, an extra hybridization step occurs, with a second RNA probe, 
followed by another antibody incubation for this second probe. This protocol ends with a 
second revelation step for the second gene and the normal storing of the embryos at 4ºC in 
buffer and formaldehyde. Since each probe is labeled with a different marker and is revealed 
separately, one can visualize the two genes’ expression domains at the same time under 
different colors, thus allowing one to discriminate between them (see Annexes for detailed 
protocol). 
 
 
Double In Situ Hybridization – Single Color 
 
This protocol is very similar to the simple single color in situ hybridization exposed above. 
The key difference is that, in order to stain for two target genes simultaneously, both genes’ 
probes are added at the same time in the “Hybridization” step. Unlike the double-color in situ, 
both probes are labeled with the same marker (in this case, Digoxigenin), such that the 
addition of the antibody will reveal the two genes’ expression domains under the same color 
(see Annexes for detailed protocol). 
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Double Stranded RNA preparation and Microinjections 
 
The dsRNA used in the candidate gene knockdown experiments was generated according 
to the specifications in the adapted protocol of Niimi et al. 200541 and Akiyama-Oda et al. 
200638. 
 
Standard PCR Reagents 
 
mQ H2O 17,5μL 
5x Phusion Buffer (BioLabs) 6μL 
dNTPs [2,5mM] 3μL 
T7 Primer 1μL 
T7-SP6 Primer 1μL 
Candidate Gene Miniprep DNA 1μL 
PfuS/Phusion DNA Polymerase 0,5μL 
 
 
 
 
Standard PCR Cycles 
 
Number of Cycles Temperature Duration 
1x 96ºC 2min 
35x 96ºC 30s 
 
65ºC 1min 
 
72ºC 1min 
1x 72ºC 5 min 
 
8ºC ∞ 
 
 
Electrophoresis 
 
Same as described above. 
 
Gel Extraction 
 
Same as described above. 
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dsRNA Synthesis (5x MEGAscript® T7 Kit (Ambion)) 
 
Gel Extracted DNA 8μL 
10x Reaction Buffer 2μL 
ATP 2μL 
CTP 2μL 
GTP 2μL 
UTP 2μL 
Enzyme Mix 2μL 
 
Incubated at 37ºC for 4 hours 
 
 
The incubation was followed by the addition of the following volumes to each sample: 
 
mQ H2O 30μL 
Lithium Cloride (LiCl) 30μL 
 
Incubated overnight at -20ºC. 
 
 
dsRNA Precipitation 
 
Centrifuged samples at maximum speed (13200rpm) at 4ºC, for 20 minutes 
Removed all supernatant carefully 
Filled with fresh 70% ethanol 
Centrifuged at maximum speed (13200rpm) at 4ºC, for 20 minutes 
Removed all ethanol carefully 
Air dried for about 5min 
Resuspended pellet in 25μL mQ H2O 
Heated samples to 60ºC to improve resuspension (optional) 
Prepared 1:10 dilution for concentration measurements in Nanodrop 
 
Diluted the samples as necessary so that dilutions measured between 250ng/μL and 300ng/μL 
(such that the original, undiluted sample’s concentration lied somewhere between 2,5μg/μL 
and 3,0μg/μL). 
Stored samples at -20ºC until used. 
 
 
dsRNA Microinjection Routine 
 
Virgin females were injected with 1,5μL of dsRNA (or mQ H2O in case of control 
individuals), using glass capillaries generated on the spot in a needle-puller. These injections 
were performed every two days (not counting weekends) during the course of two weeks, for 
a total of six rounds of injection. At the beginning of the second week (fourth injection round) 
females were mated. See Figure 2 for clarification: 
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Monday Tuesday Wednesday Thursday Friday 
1st Week Injection 
 
Injection 
 
Injection 
2nd Week 
Injection 
+ 
Mating 
 
Injection 
 
Injection 
+ 
Feeding 
Figure 2 – Schematic representation of the RNAi injection routine. 
 
At the end of the treatment females were fed and continued to be fed on a regular basis, 
so as to quickly produce large, healthy cocoons. These cocoons were then opened using a pair 
of watchmaker forceps (Dumont 5), the embryos within fixed (refer to fixation protocol above), 
stripped of their vitellin membrane, stained with SYTOX® Green and then observed under 
fluorescence for phenotype scoring. 
 
Note that the effects of the RNAi do not show immediately and that this effect quickly 
fades after reaching its peak. First cocoons are always wildtype, while second cocoons tend to 
present mild phenotypes; cocoons three and four usually present the strongest phenotypes, 
and by the fifth cocoon, the penetrance of the RNAi starts decreasing again, which applies to 
the next cocoons as well. The eighth cocoon is usually wildtype again. 
 
 
 
Histological Preparation of Embryonic Tissues 
 
Previously hybridized embryos were dissected in order to remove and isolate specific 
structures for more detailed analysis, such as the limb buds of the book lungs. The dissection 
was performed under a Stemi-2000 (Zeiss®) stereoscope, using watchmaker's forceps (Dumont 
5) and tungsten needles. The obtained tissue was then mounted in buffer and glycerol 
between a glass slide and cover slip. These preparations were then taken directly for 
observation, or stored indefinitely at room temperature, in the dark, until observation. 
 
 
 
Microscopy 
 
In situ hybridizations of whole embryos were visualized under a Leica M205 FA® 
fluorescence binocular; fluorescence images of whole embryos were also taken under the 
same fluorescence binocular, following embryo incubation in SYTOX® Green to visualize cell 
nuclei. All fluorescence images were pseudocolored blue (instead of the actual green 
fluorescence emitted by SYTOX® Green) to enhance contrast when presented merged with 
“cold light” images. Histological preparations presented in Figure 3 were observed under an 
Axioplan 2 Imaging (Zeiss®) brightfield microscope. These images were afterwards digitally 
manipulated to have uniform backgrounds, so as to clear up cellular debris and vitellin clusters 
that were cluttering the original background, thus providing a clearer image. Said manipulation 
was performed in GIMP, version 2.8.0. As for imaging software, QCapture Pro 6.0 and Image-
Pro 6.2 were used, respectively. 
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Results & Discussion 
 
The Book Lungs 
Single stainings revealed the same striped pattern as that observed in Cupiennius salei, 
both for wingless and engrailed, in the book lung primordia of Parasteatoda (Figure 3A' and 
3B'). Single-color double in situ hybridizations were also performed successfully. If the 
expression domains have a strong overlap or are not adjacent, then the primordia should have 
spots clear of any staining; if, by contrast, the expression domains are adjacent and non-
overlapping, as is expected, then the whole primordium will be stained. The single-color 
double in situ performed reveals the latter case to be true – the whole of the primordium is 
stained, indicating that the two genes co-expressed in the limb buds of the book lungs are in 
adjacent domains, covering the entirety of the structure (Figure 3C'). 
Although this double staining shows a pattern that is clearly different from the single 
staining, since single-color was used to visualize the double-staining, one cannot rule out the 
possibility of partial overlaps. Even so, this is reminiscent of the anterior-posterior 
segmentation process in insects, where wingless and engrailed are expressed in striped, 
adjacent domains along this axis, defining each segment’s borders10, 42, 43. We could therefore 
be witnessing a “recycling” of the same molecular mechanism in producing these highly 
segmented structures.  However, it is worth remarking that the maximum number of stripes 
observed for each gene were five, performing a total of ten individual stripes in the whole limb 
bud. This is a much lower number than the number of lamellae present in the adult book lungs, 
which number over twenty9. As such, unlike the insect segmentation process, where wingless 
and engrailed are the main actors, here both genes might be inducing a downstream network 
of genes that further subdivide the initial domains imposed by Wingless and Engrailed as the 
embryo progresses through development. This hypothesis remains to be tested, as no relevant 
candidates for this role exist. Furthermore, due to the relatively recent attention this organism 
has been receiving, technical constraints are still commonplace and inhibit finer 
experimentation. In this case, tissue- and time-specific gene knockdown is still not possible, 
hence negating a potential functional study of the role of wingless and engrailed restricted to 
the book lung limb buds. Since Wingless and Engrailed are important morphogens during the 
whole of embryonic development, and their onset in development starts at an early stage, it is 
currently not possible to deepen our functional understanding of these molecules in the 
development of the book lungs by simply using parental or embryonic RNAi techniques. Even 
so, great technical strides have been made in the past, and the utility of this model organism 
will surely hasten the development of new tools in the very near future so that we may further 
understand the role of these molecular players and the developmental events they take part in. 
Even so, in the immediate future, one could optimize and apply the original two-color double 
in situ hybridization in order to provide a more defined expression pattern for each of the 
genes. Additionally, histological sectioning of hybridized primordia would also be of help in 
determining the exact domain of expression of these molecular players. 
As for the evolution of these remarkable structures, much can be speculated. One might 
reason that book lungs were a first attempt at a functional breathing organ operating on land. 
Their morphological and functional similarities to both the xiphosurids’ book gills and the 
marine crustaceans’ gills, adding the fact that chelicerates were most probably the first group 
challenged with the passage from aquatic to land lifestyles, seem to favor this theory. 
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Figure 3 – wingless and engrailed are expressed in adjacent domains in the segment that gives rise to 
the book lungs. (A-C) Anterior appendages hybridized for wingless (A), engrailed (B) or both wingless 
and engrailed (C). (A’-C’) Isolation of book lungs (located in O2) hybridized for wingless (A’), engrailed 
(B’) or both wingless and engrailed (C’). Note that while wingless (A’) or engrailed (B’) single stainings 
show a striped pattern of expression (asterisks), double staining for both genes shows an expression 
pattern that covers the whole limb bud (C’). This is a bona fide expression pattern for these genes, as 
the double staining performed in the anterior appendages (C) also presents an expression pattern that 
reflects a combination of each of the single stainings (A and B). In all pictures anterior is to the left. Ch 
– chelicerae; L – leg; O – opisthosomal segment; Pp – pedipalp. 
A A’ 
B B’ 
C C’ 
- 26 - 
 
The Tracheal System 
Based on the conservation of gene cascades between fruitfly and mice, we decided to 
start our study by checking if those same genes are present in spider and are responsible for 
the similar developmental events. Screening the partial transcriptome available to us, we 
found hits for four of such genes: spalt-related, trachealess, tango and sprouty. Moreover, for 
tracheal genes tango and spalt-related, two distinct sequences were found. The contigs’ 
identification and sequence, as found in the spider’s partial transcriptome are shown in Figure 
4. trachealess, sprouty, tango38 and spalt-related35 were successfully cloned with the 
indicated primers. From among these, spalt-related35 yielded a clear in situ hybridization 
pattern, revealing two strong domains of expression in the distal rim of each head lobe and a 
small domain in the O2 limb buds that will give rise to the book lungs (Figure 5B and 5A, 
respectively). In contrast, the second sequences (spalt-related18 and tango20) were not able 
to be retrieved. 
 
 
Pt-tango38 
>contig38707   length = 2303bp 
AAAAACTGGAACTGTAAAGAAAGACAGCAACCATTCTTCAACTCGTCTTACTGTGGATACAAGGAGAAATTTTATTTGTCGCATAAGAG
TGGGTAATTTCCAATCAGGTACTGCTTATTCAAGTCGCCTCAATCGACTTAAAGAACGTAATAGCTTAGGACCCTCTCGCGATGGTAACT
CTTATGCAGTTTTGCATTCAACTGGATATATTAAGACCTGGCCTCCTACAGGGTCACAAATGGATCACTTAAATAGTGACGATATGAGCA
ATAATCATTATTGTCTTGTTGCCATTGGCAGACTTCAAATAACAAGCATTCCTAACAAAAGTGATTTAATGGGATCTAACTCATCAAGTGA
ATTCATTTCTCGTCACAATTCTGAAGGACATTTTACTTTTGTTGATCAAAGGGTTGAAAATGTCCTTGGTCATCAGCCTCAAGAGCTTTTA
GGTAAAAAGTATTTAAGCTTTGTCCATCGAGAAGATCAAACACACGTTAAAGAGATATTTGAACAAGTTTTAAAATTGAAGGGGCAAGT
GGTGTCTGTCATGTATCGATTTCAAGACAAGAATAAACAATGGATTTGGCTCCGAACCAGTAGTTTTGTTTTTCTCAATCCATACACAAAT
GAAATGGAATATATAGTGGCTGTGCATAATCGAAATCTTCATAATCAACAAGAAACTTCTACCTCCGGATCTGATCAAGTTCCCAGTTTA
GCAAAAGAGAATGAGCAAAATCAATACGGTGCAGAACTTAATTATAGTCACCCTAAATCAAATGCTTTTCATTCTGTTGTACCGTCTGCA
CATCATCCTGAAACACAAATTATGAATGAAAGGCAACTTAGTTCTAATCAAGCTATCTATCAAAACCCTCAGTATTATGGACTGAACTAC
TCAGTATCAAATAGCAATGAAAGTTCAAAAGTAATTTCATCTCAATCTCCAACATCTTCCAATATTGATGTAAGTGCTCCTGAATCTCCTC
CAGTCATCTGGGTTCAAACTACTCTTCCGCAGCTCAGCTCAGAAGCTTATAATCCAAACTATGGAAATTTGTCTAGTGTGACATATACAC
AGATGGGATCTACACTTCCACCTAGAAGGACATGGGGTTGGCAAGACCCAGGGACTCCTGATTCATCATCTAGTGGTAGCCATGCACAT
GCATTTGGTACTGATGAAAATAGACCCAGGCAAGAGTTTACAGAAATGCTTCAAGTATTAGATCAGAGTGGGACATCTTCATTTGATGA
GTTATAATGTTCAATACTTACCCTACGTGATTGTCTTAAAGGAAAGACAAATATGTATCAGTTTGTCGCATCATTTCATTTTTAGTATATTT
TGTTACATGCTTACTGGCATATGATGAAATATGTTTTTAAATACATATCTTTTAATGTTATAGTTTTATAATCTCTGGGTTTTAAATATTTAC
TGTGAATTTATAAAGACCCTAAAAACCACAAAGCTCTTGATTTTCAAATATTTTATAATAAAATGGGTCCTTTAAGGCTTTTTTGCCTCAA
AAAATAAAGTCGCATTTTGAGAGCCTATAACTTAAAGCAAAGATTTAATTTTTAAACTATTCTTACTAAAAGAAAGAAAAAAGTTTAGAC
TGAACAATTTTTAAATATTTGAATTACTTGTTTGTTTTTAAATTTTTAAAGCTTTGGCCCAGATAAAAATAATTGAAATCAATGAATGAATC
TCAAATTTGTCTATTTTTAAGAGCTCGAAAAAATGCAGTTTTGATTGATATTTTCCACCATTTTCTTATTACCATGGCAGGTTAGTAAAAA
GATGGACAAAACTTAACCTAACTATCACAACTCACAGCAGTTGTAAAAATAGCATACTAGTTTATTAGATCATATGACTCTCCAGACAAC
AGCCTTAAAGCGAACAAATTAAAAAACAATTATAACATATCTTTCAAGTGATTGTTGTTTTGTTAAATAGGGATTATTTATTAGTGATAAT
TATTTTTTATCTATAAGTAAGGTATCAAACATTTGTCTTCGTTGTCCAAAGAGGATTTATAGATAAGTTTCATTTGTATAAACATATTTTAA
TTATTGATAATTAGCCTATTCCAGTAATACTTATTTAATTTCACAAATAATTTTGTTTATATCTTGTAATCTCTTCACAACATTTTAAAAATA
AACAAATGAATCTCATTTTTAGGAAAACAAATTAAATTTGTTTTCCTAGTTTTAAATTCATCACCCAGTTAGATTTATTCTCTGTTGTTAAA
ATAATTTAACGTTCAAATTATTTTAATAAATGTGCT 
 
 
Pt-tango20  
>contig20608   length = 709bp 
ACATTTTAAGGATGGCTGTTGCTCATATGAAGACCCTGAGAGGCACAGGCAATACTAGTTCAGATGGTACATATAGGCCATCTTTTTTGA
CAGATGAAGAATTGAAGCACTTAATTTTAGAGGCAGCTGATGGCTTCCTTTATGTCATTTCTTGTGGGGATTCTGGTCGAGATACAGGA
CGCATTATTTATGTTTCTGACTCCCTGTCATCTGTGCTAAATCAATCTCAGGCTGATTGGTTCAATGCATGTATTTTTGATCTTGTTCATCC
GGATGACATTGATAAAGTCAGGGAGCAACTTTCAACTCAGGAATCTCCAAATGCTGGGAGAATATTGGATCTGAAAACTGGCACTGTA
AAGAAAGAAGGTCACCAATCTTCCATGCGTCTGTGTATGGGCTCTAGAAGAGGTTTCATCTGTCGCATGAAGATTGGCAATCTCCAACC
AGATGCCATGTGTTCAGGCCATTTGCATCGCCTTCGAGAGCGAAACAGCTTGGGTCCATCTACTGATGGCAATGCATATGCAGTTGTAC
ATTCAACTGGTTATATTAAAACATGGCCTCCAACAGGTGTACAAATTGACCGAATGGACCCAGAAGATGGACATGGTGGGAGCCATTGT
TGTCTTGTTGCGATTGGTCGGCTTCAAGTTACAAGCACCACCCAACAATAGTGATCTAATGGGNNNCAAANNNCATCTAGTGA 
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Pt-sprouty   length = 647bp 
ACTTCAGACGGACATTGCCCTAAACGCTGGACTGCCCTCACCCTGCTTTCAATATTTGTGCCCTGTCTCTGGTGCTATCTGCCCTTTCGTG
CTTGTCATAAGTGTGGAGTTAGGTGTGGTGTTTGTGGGGGCAGGCAGACCCTGCCTGATTAATCTGACAAAAATGACACTAGGTGAAA
CAAAAATTTTAAAGTATCTGAATTAATTTGCACTTTTTACAAAAAAAAGGAGAGCATTATTTTCAAATGCTAAGAGAAAGTTTTGTTATAT
GTTGCCATGTTTTANATGTGATCTATGTATGTCTTGCAAATTTGAGTGTTCACATGCTATGATGAAAGAATGTTGAGGTTGGAAATATAT
AATTGGAGTCAGGGTTTAAAGAGCTTGTATATATTTTAAAAAAAGAAAACATGCAGTAATGAAAAAATGTTATTTTAAAAAAGCATATG
TTTCATAATACATTTCTCTTTAATATATATTTAAAAATTTTATCATACTAAAAATATTGTTGTAAATATGTCTGTTTCAAAGAGTTTTGTGTT
GCGAAATTTGGCTGAATATTTATATTTTACTTCAACAAATACCCACAGAAATCAAAATCGTTGCTGGTTGTTATAATTTTTAGAGAAGACC
CATTCATTACATG 
 
 
Pt-trachealess   length = 690bp 
AAGCACGCACATTCTTCAGTCATTGGACGGTTTTGCTTTTGCCCTTGGTGCAGATGGACGGTTTTTGTATGTGTCAGAAACAGTCTCTATT
TATTTAGGTCTTTCACAGGTCGAAATGACTGGAAGTAGTGTTTTCGATTACATCCATCAACAAGACCAATCAGAATTAGCAGATCTAATA
GGAATCAACATGTGCCCTTCCCCATCTGCAACATCACCTCCAGCCTCTGTAGCTTCGGATGACGGTTCGTCTTCGAACCCGGGACCATCT
ACACCCACTGGGTTCGATAGACCACCTCCAACAATGAGTATAAGAAGCGAAAGCGCAGGTCAAAGTCTACAGAGATCTTTCTGCATAAG
AATGAAATCTACATTGACCAAACGCGGTTGCCATTTTAAATCCTCTGGCTACAGAGTTGTACTAGTTTTATCACATCTTAGGCCTCAATAT
AATTTTTCCTCTTCTTCGAGGAAACAGGCACCTACAGTCATGGGACTTGTGGGTTTAGCCATAGCCCTTCCTCCTCCTTCAGTCAACGAGC
TACGGCTAGAACCCGACATGTTTGTAACAAGGCTGACATTCGATTTCCGAATATCTCACTGTGAGCCAAGGGTATCTGAACTCTTGGACT
ACACGGCCGAAGAAATAACCCGGAACAGTATGTACACACTGTGCCACGCACAAGACAT 
 
 
Pt-spalt-related18 
>contig18251   length = 2105bp 
AATTCACTACCGCAGCCACACCAAAGAACGTCCGTTCAGGTGCGAAGTGTGTGACAGGGGTTTTTCTACAAAGGGTAATATGAGGCAG
CATATGCTGACTCACAAAATCCGCGATTTTCCCCGCAAGCATTTTCCACCAACAGCAATAGCAACTCGTCACCTATAACGAGTTCGCCTCA
GAAAGAAACAAGCGGGGAAAAATCTCCAAAGAAGGTGGATGAAGGAGTTAAGCGCCAGTCCACCGACGTGGCTTTACCACCTGTTCCA
GCGAAGAGAGCGCCTGGTACTCCTAAGCATTTATGTGAAGTTTGTCACAAGCCCTTCTCCAGCGGAAGTGCTTTACAAATTCACATGCG
CACACACACAGGAGATAAACCTTTCCAGTGCCATATTTGTCACAGGGCATTCACAACAAAAGGCAATCTAAAGGTTCATATGGGAACAC
ACATGTGGAATAACAGCACATCTCGCCGAGGTCGACGCATGTCTCTTGATCTAGGACCTCTTCAGTTGAATCCAGTGCGAAGCCAGGGG
AATTCGCACAACCTCCTTACTTTCCTTACCTCAATCCTTTTATGAATGGGTTACCAAATCATCCCCATCCTCCTCCGCCACCACCAAAATGA
ATGAAATATCTGTCATTCAAACGGCCGGAATGAGCAATGGCAGCAGCGCTAGTGCTCCTATTACCACAAGTCCTTCTGTGACCACAACTC
CTCAACCTCTTTCTTTGTTGTCCTCTAACAAACAGTTGGACCGCAGCAGCGAGAACAGTCATCGCCAAAATCAAATTCAGAGTCACTCTC
AGGGAAAAGACATAACATCCGATACTGCAATCGAGTCAAGAGATACCGGCGTCATGGCCGTGGAAAATCTCGTGCAATGTGTGCAATA
AGATCTGTTCCTCGTCCACCGAACTGGAGTTACACATCAGAAACAATCACTGCAACAAAAAAGAATCAGCAGAGACTGAAAGAACTGAT
TAAATCAGCATTTGTTAGCATTAGATTTTGAAGTAGTCATGTATAGAAAAAAAACAAAGTTCCTATATACGCTAGTCGTTCTTCAATTGAC
ACTTCAAGCACAAGTTGGTGATTGGAAATGAGTTATAATACTTTCTATTGTGATACGCCACACTTTAGTGCGATGTTGTGACAATATACT
GTTGAAAAAATNTATAATTTAACTTTTGCAAAGTTGAAGTTCTACAACAGTTTGAAGTCCACTATCCCCACTGAGTGTAATATTTATAGTG
GTTTTTCCCTGAGGATTTGAGGCTCAGGTTCGGCCTAACTTAAGAAAACAATCAAAGCATTAAAGGGGGCACAAAATCTTAAATGCTTA
TGCAGCATGTAAATTAAACGCATTCTCTCAAACCTATTCTCCCAGCTTTAATTTTTAATTTTTTATTTTCAAAGGAGTCAAGAAATTCATCT
GATCTCATTTTACTGTATAAATGTTTTTTATTAGTTGTGTATGTATGTTTGTGAGTGAATGTGTATGTGTGCAAGTGCAAAGCACAACTGT
TTTATGTTTAGAAAGAGTGTACTGTTTTGTTGATTTTTTTGTTAATCTGTGATAGCTTGTAAAACAATTTCATGTTTTGTACCTTTGTGTAG
CATCATTTATGTTAAGTAAATTATGCAAGATAAAATGTACATAATTTCTAAAAACTTTTTTTTATTTGAAAAAAAAAAATTTTTAAACACTA
TAAAACATGAGTCAAAATTTGTAAATAAAAAGAATATTATTGTTAAATTACCTAAAAAAAAAAGGAAGCACATTTTGCTTTTTATCTTGC
ATAGTATATGACTGTGTTACGTGGCTAATATGTAAAGAAATAGGAGAGATTGTGAAGTAATTGGTGTTTGTCAGGTGGATATTTTTCAG
AAAGTATATATATGTAAGATTTCTGTGGTCAAGGAAAGATGCAAAATTTTACTATAATTGTAAAAATTTTTATTAATGTCATTACAAATAT
CTACTATAACTTAAGTATGAGTATGTATGATTTAAGTTATTTAAGAATGTCTCAATTCTGAAATATACAATGCGCCAAATAGAAAACAAA
ACACCAGAATAACTTTTGATCGAATAATCGCCTT 
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Pt-spalt-related35 
>contig35319   length = 909bp 
AGGCCTATCATCGGATAGGGTGAAACACTGGTGGAAGCTGCATTACATGATCCGTTGTATGGGTTCGAATATGCTGCTGAAGTACGAT
GGCATTTGGAAATTGACTGTGGCAGACAGGGCATTGGTGCATTAGCCTTGCAACAGGTTTTTGTCGGTGAACTCCCATATGTGTTTTTAA
ATTCCCCTTCGTGGTGAATGATCTATTGCAAAGCTTACACCTGAATGGCCTTTCTCCGGTGTGAGTGCGATAATGCATTTGCAAAGCGCT
TTTACAACTAAGCACGCGCTGACAAATGATGCATTGATTTGGTTCCACCAATTTATGTTCAATATTGTCCACAAGTTGCTGCAACTTTGAC
GTTTCAGATGTTTTGGTTATTTCAATAAGACTTTCCCAAGAATTGTCATTGGATCCTATTCTCGGCAAAAGGTCTTGATAATAGCTTGGGT
CTTGCAAAATGGCTTCAGAGTTGTCCCCATTTGCACCCTTAGTGTTGGTTATGGAGTTGCTAACAGTGGTATTTCCTGCAGTCGAAGTTG
CAGTTGAGACTGGATAATCGTATGGGGAGAGGAAATAAGGAGCGAAATTGGGTGAACCGAAAGAAGGATGAGAAGCTACCTCTGATC
CATCGTCATCTAAGTTAGATGTGTCTCTGTCTTCATCATCGAATCTTTCAACGTCTATTTTCAGATCAGAGTAATCGTCGGGCATATTATC
GTCCGAAGAACCATCTCCAGAATTATCACTAAAATTAGATGTATCGTTTGGGGAAAGACTTCCACTATTAAGATCAGGATTTGATGATTT
TCTTCCGTTTAGTGGTGTGGAAAAATCTAAGGCTTGCTCTATCTTTGAAGAATCTCCTCTGTGATTATCTTCATCATTTCCATACAGCATTG
GTGGATTGT 
 
Figure 4 – Contig sequence for all six tracheal genes obtained from the spider’s partial transcriptome. 
Highlighted in black are the regions to which primers were designed. spalt-related18 has three primers 
because cloning was not working and as such, a third primer was used to see if, with a different set of 
primers, cloning could be achieved. Cloning still did not work. The same was not attempted for tango20, 
which was also not cloned, due to its relatively short size and the fact that the sequences had to have a 
minimum of 500bp in order to provide a working and reliable probe for in situ hybridizations. See 
Methods for more details on the primers used. 
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Figure 5 – spalt-related35 in situ hybridization shows expression in book lung primordia and head 
lobes. (A and B) Parasteatoda embryos showing expression pattern of spalt-related35 in the book lung 
limb buds (A, arrows) and head lobes (B, arrowheads). (A’ and B’) Same Parasteatoda embryos as in (A) 
and (B), showing detailed embryonic tissues as shown by nuclei labeling with SYTOX® Green. Note that 
gene expression in the head lobes is sufficiently strong to be seen even under fluorescent lighting (B’, 
arrowheads). The expression of this gene in the head lobes is likely to represent neural cells or 
precursors, given the expression of Spalt-related35 in the brain of late stage embryos (C and C’, 
arrowheads). (A-A’) Ventral view, with anterior up. (B-C’) Anterior view. Br – brain; Ch – chelicerae; HL 
– head lobes; L – leg; Lr – labrum; O – opisthosomal segment; Pp – pedipalp; St – stomodeum. 
A A’ 
B’ 
C’ 
B 
C 
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Two other genes were searched for in the transcriptome – branchless and breathless – but 
did not turn up any hit. This is the direct result of having merely a partial transcriptome, since 
these missing molecules are members of the FGF and FGF receptor families, respectively, a 
class of genes that is known to be extensively conserved throughout most, if not all, branches 
of the animal kingdom. As such, we believe that these genes are present in the spider’s 
genome, but were simply not detected. 
Even so, spalt-related35’s expression pattern is nonetheless quite interesting, even if 
merely circumstantial. In Drosophila melanogaster, spalt genes have three important functions 
during development: firstly, they define the apical identities of the terminal segments of the 
embryo’s body as opposed to trunk identity29; secondly, they inhibit ectopic tracheae 
formation in these terminal body segments by directly inhibiting trachealess, the master 
regulator and initiator of tracheal development14, 28; thirdly, they are required for sensory 
organ formation and correct vein positioning in the adult wing44. spalt-related belongs to the 
Spalt family of transcriptional repressors45, 46, which is highly conserved throughout 
vertebrates47, 48, 49, 50, 51, 52, 53. In all reported studies, spalt expression is always found in the 
developing neural tube and, subsequently, in different areas of the brain and nerve chord. It 
has been suggested from these observations that these genes may play a role in neuron 
differentiation44. As such, these findings, combined with our own expression pattern suggest 
that spalt-related might be playing a similar role in Parasteatoda and thus be required for the 
differentiation of a particular subset of neurons in the head lobes and brain (Figure 5B and 5C). 
Additionally, spalt genes have been found to be under the direct transcriptional regulation of 
hedgehog and wnt genes44, 47, 55, 56. Comparing these claims and our own observations, it could 
then be that the putative wingless-engrailed mechanism of book lung patterning may be 
activating the spalt-related expression in these structures as was observed through in situ 
hybridization (Figure 5A). The role played by spalt-related after being restricted in the book 
lung is unknown, but as transcriptional repressors, they could be mediating some kind of 
cellular differentiation. It would be interesting to peek at more basal spider species, such as 
the bird spider Acanthoscurria geniculata, to see if the pattern of spalt-related is rearranged as 
compared to Parasteatoda, or still present in both pairs of book lungs primordia.  
The tracheal genes found in Parasteatoda’s transcriptome and that are conserved in 
Drosophila can also be traced all the way up to vertebrates. The vertebrate counterparts of 
these genes play largely similar roles, if not exactly the same. trachealess, the master regulator 
of tracheal development in arthropods corresponds to the vertebrate neural development 
genes NPAS-1 and NPAS-3, which, despite having first been noted for their role in nervous 
system development57, 58, 59, 60, have more recently been found to be centerpieces for correct 
mammalian lung formation61, 62. ARNT is the vertebrate equivalent of Drosophila’s tango17, 18, 60 
and, likewise, dimerizes with NPAS proteins so that they can functionally regulate the correct 
development of the mammalian lung18, 61. Thus, as a member of the bHLH-PAS family of 
transcription factors19, 63, both Drosophila’s tango and its mammalian counterpart, ARNT, have 
been shown to be necessary for common aspects of organogenesis, such as breathing organ 
and nervous system development. sprouty remains known as SPROUTY in vertebrates and, 
consequently, presents the exact same function in both group of animals: the inhibition of 
branching progression in actively branching respiratory tissue13, 20, 25, 26, 27. It thus helps define a 
path for growing tracheal tissue and establish the general organization of the tracheal tree. At 
last, spalt-related belongs to the highly conserved Spalt family of double zinc-fingers 
transcriptional repressors which are found in Drosophila28, 29, 44, 45, 46, medaka47, zebrafish48, 
Xenopus49, chicken50, 51, mouse52 and humans53, 54. These genes are needed for the correct 
development of several structures, as mutants for spalt consistently present defects in limb, 
ear, kidney, heart and excretory system formation. They have also been implicated in the 
differentiation of neural cell populations44. 
The results here obtained leave a large avenue open for further and finer experimentation, 
in order to get a better grasp on the exact roles of these candidate genes. Cloning of tango20 
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and spalt-related18 should be pursued, as these might represent different transcripts than 
tango38 and spalt-related35, respectively (either through alternative splicing or representing 
gene duplications). Hybridizations for these two genes, as well as for trachealess and tango38 
will help define their expression domains, which can then be used to make inferences about 
their function. It will be interesting to see if these expression patterns relate, as they do in 
fruitfly and vertebrates, to the development of breathing structures. The next step will be to 
perform functional studies proper, both through embryonic and parental RNAi, which will 
allow us to peek at each gene's role in early and late development, respectively. 
The complexity of this tracheal system in spiders depends largely on the lifestyle and, thus, 
the metabolic requirements, of each species12. As such, while in some species the tracheal 
system is confined solely to the abdomen, in others, the tracheae branch well into the 
cephalothorax and even into the legs6, 11, 12, 64. Since this system delivers oxygen directly to the 
tissues, they present an excellent oxygenation method for prolonged and extenuating 
activities6. Therefore, tracheae are better developed and present a higher degree of 
complexity in those species which actively patrol their territories or very large webs, than less 
mobile ones (such as ambush predators, like tarantulas, which, as stated previously, do not 
even possess tracheae)8, 12, 64. It is still worth mentioning that, curiously, the development of 
the book lungs and the tracheal system is inversely proportional: the more one develops, the 
less the other does. Consequently, the degree of development of these structures in a given 
species mirrors its lifestyle, being suited to best serve the necessities associated with its 
activities8, 12. Despite the similarities with the insect tracheal system, the two are not 
homologous11. The arthropod group went through several terrestrialization events during its 
long history, from which the tracheal systems of chelicerates and insects arose independently 
in a clear case of convergent evolution11. The genetic conservation found here shows that 
convergent evolution can be achieved by maintaining specific genetic programs intact 
throughout evolution. 
The evolutionary reason for an extra breathing apparatus in the form of a tracheal system 
might be tied to the evolving lifestyles of spiders. Basal spiders, which favor predation by sit-
and-wait ambush, are devoid of tracheae and have two pairs of book lungs. Hunter spiders or 
spiders that monitor large webs are more metabolically demanding and, correspondingly, 
possess the most complex and branched tracheal systems. Hence, evolution might have 
facilitated the occupation of new ecological niches and the concomitant appearance of related 
hunting behaviors by endowing some groups of spiders with a second breathing apparatus 
that is best fitted to quench the metabolic demands of these individuals. 
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The Spinnerets 
As for the spinnerets, based on previous work performed in Cupiennius salei, we searched 
Parasteatoda’s transcriptome for the transcription factor AP-2, which is also conserved in 
Drosophila33, 65 and in mammals30, 31, 32. For the AP-2 candidate, four different contigs were 
found in the spider’s transcriptome (Figure 6). The two smaller sequences were not able to be 
cloned successfully. However, we suspect they represent short fragments of the remaining two 
larger sequences found and so no further attempts were made to recover them. We found, 
therefore, not one gene, as expected, but two transcripts that strongly matched the sequence 
from Cupiennius. BLAST alignments showed both sequences to have a high percentage of 
similarity and, indeed, these sequences revealed that, although similar, they correspond to 
two different transcripts, and not to two partial fragments of the same sequence. These 
transcripts correspond to contigs 42047 and 08798 in the available database and were 
renamed, respectively, as Pt-AP-2.1 and Pt-AP-2.2. We could well be witnessing the product of 
alternative splicing from a single gene. Also, these two sequences might represent transcripts 
from two independent genes, as there appears to be growing data pointing towards a whole 
genome duplication event to have occurred in the spider group66. 
 
 
Pt-AP-2.1 
>contig42047     length = 1401bp 
GGATCGACGAGAACTGGTGGTTAGCCACGTGGGAAACTTAACTTCCATAGCCAGTATTGTTCCAGGCGTTACCACTTTCACCACAGGAG
CTAGACTTAACCACACTGCCAATGAGTTCCAACCACCCTATTTCCCACCTCCCTACAGCAGTTTAACGCAACAACAACTGGATTTTCAGCT
GATCCTTACGGTCCAGTCACATCCACATTATCGGGCAACGCACCCCAACAATATCATCATCAACTTCACTCAAATACCAGGAATTTGTTCA
AAAGAGAAGACGAAGCTAATTTACATTTGCAAACAAATATGTTACCTTACACTGATACGACGCGAAGAACGGACTTAACAGCTTATGCT
AGGAGACCAGACATTTTAGTGCACTCGGCCCATACCCTCACAGATCAAGACATCATAAACCTTCACAATTCTGGAGCTTTAGCTGGACTA
GACGATGGACAGACAACAGTGGACGAAAGCAATATATTTGGTTCAGAGCATAATAGTGTGATAAGAAAAGGCATCAAACGCTCTAACA
ATGAAAACAATCACAAGGACATAATGCTGTCGGGTATCACATCGGCGTCGGAAGTATTTTGCTCAGTACCTGGTCGATTATCCTTACTTA
GCTCAACATCCAAGTACAAGGTGACAGTGGGAGAAGTACAAAGGAGATTATCACCGCCAGAATGTCTAAACGCTTCTCTATTAGGAGG
TGTTCTAAGGAGGGCCAAGTCTAAAAACGGGGTCGATCACTGAGGGAGAAGTTGGATAAGATTGGCCTTAACCTGCCGGCAGGTAGG
CGGAAAGCCGCCAATGTCACCCTCCTTACATCACTGGTTGAAGGTGAGGCTATTCACTTGGCTAGAGATTTTGGAAATGTTTGTGACGC
CGAATTCCCTGCCCGACAAGTAGCCGAATACCTCTCCAGGAATTACACAGATCCAGCCTCATTTACAAAAGGAAACAGGAACTTATAGA
TTCACGAGAAATCATCAAAGAGTTTGTAGAATTCTTGGGTCAAGACCGTTCACCACTTTGCAACGCCAAGTTCCAACCCATTCTTCCTCAG
CAAATACAACGCCACTTGACACATTTCTCCCTAATTTCACACGGATTTGGTTCCCATGCCATTGTATCAGCATTGTCTGCTGCACAGAACT
ACATAAACGAATCCATCAAATATTTGGACAAGCAATTATCTAACTACAACCAAGCTGCTGTAACAGCGGCGGACGTTAACAGTCTCATCA
ATTCATCGAAGAAAGATGACCAGAAGTGAAAATGTATTCGTCCCATTCAAAAATCAAATACATGCTTTTGCTCAGCAAAAAAAAAAAAA
AAAAAAAAAAAAAAGTACTCTGCGTTGATACCACTGCTTTCCCTTTAGTGAGGGTAATA 
 
 
Pt-AP-2.2 
>contig08798     length = 1142bp 
ACTCGGGTGTCCGAAGTAGGGGCGATCCAACGTATGCGGCTGTACGAAGGCCGGACGTTCTGGCGCATGGAGGACACCATGGTCTTA
GTGAACAAGACTTGCTCAATCTTCACAACGCCACCTTACCATCCATAGATGGCGGACAAGGTGGCAGCGTCGAAGATGCAAATAGTCTT
TTTCCTGGGGACCATAATAGTGTCATAAGAAAAGGAGTGACGTCACCTAGAGATGTGTTCTGTTCCGTGCCTGGACGACTCTCCCTCCTC
AGTTCGACATCCAAATACAAAGTAACCGTGGGGGAAGTGCAAAGGAGACTATCACCACCTGAATGTCTCAACGCGTCCTTGCTAGGAG
GTGTCCTTAGGAGAGCTAAATCTAAAAACGGAGGACGTTCTCTTCGAGAAAAACTAGAAAAAATTGGTCTAAATTTACCTGCTGGCAGG
CGAAAAGCTGCAAACGTAACCCTTCTCACGTCTTTGGTAGAAGGTGAAGCAATTCATTTAGCCAGGGATTTCGGCTATGTTTGTGAAAC
GGAATTTCCTTCTCGCCAAGTTGGTGAATATCTATGTAGAAATCACAGTGACCCCAGTGACCTTTACAGAAGAAAAGAACTAATCCTAGC
AACCAAACAAATCATGAAAGAATTTGTGGACTTACTAAACCAAGACCGTTCCCCACTATGTAATACAAGGCATCAAGCCATCCTCGAACC
CAACATCCAACGCCACCTGACGCACTTTTCCCTAATTACGCACGGCTTCGGCAGCCCAGCGATAGTTGCCGCGCTGACCGCTGTCCAGAA
CTTTATGAACGAGTCCTTGAAGTACCTCGAAAAACAACTGAACGCGTACCAGAATTCTGGTGGGACACACGTTTCCGGTGTTGACACAA
AAAAGGAAGACCCAAAAAAGTGAGCTTGATGGTAAACAACCACGACAAAAAACACTTAAAAAAAAGTCTTCAACTAGTCTGCTGAGAA
GACTTTGCGAACGAGAAGGGACACGCAACACCGGTGGACATTTCCACCTGCCGTCCCAGAAATGTTTATGTAAATTAAGAATATTCTTG
TAAATATAAAAAAAAAAAAAAAAAAAAAGTACTCTGCGTTGATACCACTGCTTTCCCTTTAGTGAGGGTTAATA 
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>contig25296     length = 454bp 
AACGCAAAGATCACATAATGTTCGACGTGAGATGACCCATTGCATCCTTTGCAAACGGGGATGCATCCTGGCCTCTCTGCCACGTACGC
GGATTCGTCCGAAGTGGGGCGACCACGTATGCGGCTGTACGAAGGCCGGACGTTCTGGTGCATGGAGGACACCATGGTCTTAGTGAA
CAAGACTTGCTCAATCTTCACAACGCCACCTTACCATCCATAGATGACGGACAAGGTGGCAGCGTCGAAGATGCAAATAGTCTTTTTCCT
GGGACCATAATAGTGTCATAAGAAAGGCATCAAACCAAGGAACAGTGACAATCATAAAGAAATGGTCATCACAGGAGTGACGTCACCT
GGAGATGTGTTCTGTTCCGTGCCTGGACGACTCTCCCTCCTCAGTTCGACATCCAAATACAAAGTAACCGTGGGGGAAGTGCAAAGGGA
CTATCACCACC 
 
 
>contig33662     length = 459bp 
TATTAACCCTCACTAAAGGGAAAGCAGTGGTATCAACGCAGAGTAAGCAGTAGTATCAACGCAGAGTAAGCAGTGGTATCAACGCAGA
GTAAGCAGTGGTATCAACGCAGAGTACGCGGGGTCCTCAGCAAATACAACGCCACTTGACACATTTCTCCCTAATTTCACACGGATTTG
GCTCCCATGCCATTGTATCAGCATTGTCTGCTGCACAGAACTACATAAACGAATCCATCAAATATTTGGACAAGCAATTATCTAACTACA
ACCAAGCTGCTGTAACAGCGGCGGACGTTAACAGTCTCATCAATTCATCGAAGAAAGATGACCAGAAGTGAAAATAAATTCGTCCCATT
CAAAAATCAAATACATGCTTTTGCTCAACAAAAAAACATGAGATTATTTTCTAGAATTTTAAGGTCCAAAGGATTTTATAGACCATAATTG
TGCCTTATGAGG 
 
Figure 6 – Contig sequences for AP-2 in Parasteatoda tepidariorum. Highlighted in grey are the regions 
for which the RACE-PCR primers were designed. Following RACE-PCR amplification of 3’ and 5’ sides of 
each sequence, primers were designed for standard PCR (black highlighted regions) in order to isolate 
the genes. 
  
 
 
After cloning, in situ hybridizations were performed for both sequences. Pt-AP-2.1, 
showed expression domains restricted to the walking legs and pedipalps in a ring-like fashion 
(Figure 7). Pt-AP-2.2, on the other hand, revealed an expression pattern solely in segments O4 
and O5, which will develop into the spinnerets in the adult animal, as well as in the growth 
zone (Figure 8), which is responsible for the addition of more posterior segments, one by one, 
in a fashion similar to what occurs in short germ-band developing insects. Just as Pt-AP-2.2 did 
not show any kind of pattern in the prosoma, Pt-AP-2.1 did not reveal to be expressed in the 
spinnerets limb buds nor anywhere else on the opisthosoma. Thus, the expression patterns of 
each transcript appear to be mutually exclusive. 
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Figure 7 – Pt-AP-2.1 in situ hybridization shows expression in a ring-like fashion along the proximal-
distal axis of legs and pedipalps of developing Parasteatoda embryos. (B-C’’) Ventral view. (A-A’’) and 
(D-D’’) Side view. In all images anterior is to the left. Ch - chelicerae; L – leg; Pp – pedipalp. 
Fluorescence images show SYTOX® Green labeled nuclei. Images of the “Merge” column represent 
embryos illuminated under both cold light and fluorescence, generating a merged illumination image. 
 
 
 
 
 
 
 
A A’ A’’ 
B B’ B’’ 
C C’ C’’ 
D D’ D’’ 
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Figure 8 – Pt-AP-2.2 in situ hybridization shows expression in the spinneret limb buds and the growth 
zone of developing Parasteatoda embryos. (A-A’’) and (C-C’’) Ventral view, with anterior up. (B-B’’) 
Side view, with anterior to the left. Ch – chelicerae; GZ – growth zone; L – leg; O – opisthosomal 
segment; Pp – pedipalp. Fluorescence images show SYTOX® Green labeled nuclei. Images of the 
“Merge” column represent embryos illuminated under both cold light and fluorescence, generating a 
merged illumination image. 
 
These expression patterns alone, however, do not irrevocably prove the involvement of these 
genes in the respective structures in which they appear, nor do they clarify the function of 
these genes in those or any other structures. As such, these genes were subject to functional 
study, via parental RNA interference (see Methods section). Pt-AP-2.1 pRNAi did not provide 
any observable phenotype, both in early and late stage embryos. All embryos hatched, 
survived initial molts and appeared otherwise normal. This is not an expected result, but we 
suspect that either the double stranded RNA was not synthesized correctly or the injection 
protocol did not go according to normally established. As such, it was not possible to further 
conclude on this gene’s functionality. Pt-AP-2.2 RNAi embryos, on the other hand, showed 
both mild and severe phenotypes, along with wildtype, unaffected embryos (Figure 9). The 
mild phenotypes translated into defective growth zone formation in later stage embryos 
(Figure 9C), although these embryos would still hatch normally and survive the initial molts. 
Severe phenotypes resulted in fused O5 limb buds in later stage embryos (Figure 9D). As far as  
possibly observed, these embryos could also hatch, and silk production appeared normal. 
These phenotypes are consistent with this gene’s expression pattern. 
A A’ A’’ 
B B’ B’’ 
C C’ C’’ 
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Figure 9 – Pt-AP-2.2 RNAi results in defective growth zones (C, arrow) and spinneret limb bud 
malformation (D, arrowhead) in Parasteatoda developing embryos, as compared to wildtype structures 
(A and B, respectively). In all images anterior is up. GZ – growth zone; L – leg; O – opisthosomal segment. 
Fluorescence images show SYTOX® Green labeled nuclei. 
 
 
In Pt-AP-2.2 RNAi embryos, functional studies were deepened, by performing in situ 
hybridizations for posterior markers. This way, we hoped to detect downstream genes that 
might be affected by the lack of Pt-AP-2.2. The markers chosen for this were caudal, forkhead, 
Delta, engrailed and wnt8. engrailed and wnt8 were already available from the lab, so only 
caudal, forkhead and Delta remained to be cloned, since all of them were found when 
searched in Parasteatoda’s transcriptome (Figure 10). Unfortunately none was successfully 
cloned. However, engrailed and wnt8 in situ hybridizations performed on Pt-AP-2.2 pRNAi 
embryos show these transcripts to be missing in the affected segments (Figures 11 and 12, 
respectively). Since engrailed is required for anterior-posterior segmentation10, 42, 43 and wnt8 is 
required for the correct development of opisthosomal segments and maintenance of a normal 
growth-zone2, this shows that they probably lie somewhere downstream from Pt-AP-2.2 and 
that lack of proper levels of Pt-AP-2.2 leads to a decrease in these genes’ expression levels, 
which in turn induces irregularities and malformations in the segmentation process. Taken 
together, these data point towards a developmentally relevant role for Pt-AP-2.2 in the 
correction formation of, at least, the posterior-most structures of the opisthosoma, in 
particular, the O5 spinnerets and the growth zone. 
A B 
C D 
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Pt-caudal   length=1153bp 
GAAAAAATTAAATGTTGATGGGAGATGGTTCCTACCTATGACATGTATTCCCCTACAGCTAGACACCAAAGTTCAACTTATGCATTAACC
CAAAACTATGGACATCATCAAACTTACTCTCAATATACGGACAATATCAATTTCAACCCATGCGGAGTTATGGACAATGGCATGAACAAT
AACTACCAACAAAATCTGCCGAGTTCTTGGCCTATATACACGGTGTCGCCTTCCAATAACCCATCGCGCCAGCATGTCCTTTTAGAGGAC
TGGATGCCCCTAACAACCAGTCCAAATAATTACCAAACACAAAATGTGATGCATTTTTCAACTGATAATACACAAACTTTTCATCTTCAGA
GGAATATCGGCGATGTCGGACCAGCTGATTATTCCCTAACCAGCTCTGAACACATGAGAATTCAGGAAAAATTGGAACCTAGTTCAGAA
ACCCACGAACATCCAAGTTCTGATTCTATTGTTGCAGTTTCCAGCGATGGTATGAGTGGTACTGAATCACCTATTTTGCCAATCCATATGA
ATCATTCTACGGGTAATGTTCTTTGTCGACCTCAACCGGCCCGCAGTCCATATGAATGGATAAAAAGGACGTCTTATCAGAGTCAACCTA
ATCCAGGCAGAACCAGGACAAAAGACAAATATCGAATTGTGTACACAGACCACCAACGGTTAGAGTTGGAAAAAGAATTCCATTATAG
TCGGTACATAACAATAAGAAGGAAGGTGGAATTGGCTGCATCCCTTAATCTTTCCGAGAGGCAGATCAAAATATGGTTTCAAAACAGAA
GAGCAAAGGAGAGGAGGCAGGCAAAGAAAAGAGAAGAACTTTTGCAAAAGAACAAAGATGCTCAAGTGGTTTATCAACACACTAGCG
CTCTAAATATAGCAAATATTAGTATCTACTGACTGTTAAATAAGTGTTAATAAAAGGCAACGCTCGATGTAAATGTGAATCACCATCTGA
TTGTAGGCACCAAAACATCTTCGAAAGGGGCTTTTTGTGTGTTTGTTCTATTTATCTAAATTTTTTTTAAAAGAAGCAATTCTTTCTCAGTT
TTATAGATAAACAAAAGACCTGAAACTTACACTAAAAACGATAAAATAAATAAATTTCTATTAAATAATAATGAAA 
 
 
Pt-Delta   length = 3232bp 
GAAGTAACACGCAGACACTGGATACTAGTCAATCGGTATTTCTTCTGGCTGTACGTTCCCGATAGTGCTTCTGGTGTTATTATTTTTTTTT
ATTACTCTATGGCTGAACACAGTGTTTGACATTATCGGAGTGCGAATTCTTATTGGATTTTATTTTCTCTCATTTGGATTTTCGCGTTTTAT
TGTTTTCATGAAGATTGTGTTTCTGTGATTACCGAGGAATGCGAATCATCAACTGATTAGTGGATTTTATTATTATTTAGTTGGGATCGCT
GTTACTCTTTGGATTTATATACAGTGATCAGTTTGACTGCCACCATGCGGTGGTGTTATTTAGTATTACTCCTAGTGCTTTCGCAATGGAC
AACGGACGTCAGTTGTTCAGGAATGTTCGAACTCCGTTTGGATAACTTTGTTAATGAATTTGGAAGAGATGCTGATGGAACATGTTGTC
GTGGTGTCCGGTCGCAGTCTGGCATGTGCTCCGGCACGTGCAGGACACGCTTCCGAGTATGCTTAAAACATTATCAAACAACGATTGAT
CCCAATCCTCCTTGCACATATGGAGAAGTGCTCACCCCTGTTCTTGGCAACAATTCAGTTTCTTTGGAGCCAATTAATGATGTTGCTACTG
GATTTACCAACCCTATCGTGTTTGCTTTCGACTTCTCATGGGTGGGTACATTTTCCCTCATAGTCGAGGCCTGGCATGAAAGCGAGCCAA
CTTCTACTCCAGGTTCCAGTCGTAAACTTATTACGCGTTTAGCTACTCAAAGATGGTTAGATGTAAGCGAGTTCTGGACTCAAGACATTC
ACAAAACAAACCACACGGCTTTTTCTTATGCCATAAGGGTTCGCTGCTTGGACAACTATTATGGTGACAACTGCGAAAAATTATGCAGAC
CAAGGAATGATAAATTCGGCCATTATACTTGTAGTCCCACTGGTGACAAAGTCTGCTATAGAGGGTGGACTGGAGAATATTGTACTGTA
GCTGTTTGTTTGCCTGGATGTCATGAGGAACATGGCTATTGCGAGGAACCAAATGAATGCCGCTGTCGTTTGGGTTGGCAAGGTTCACA
CTGCAATCAGTGCATAAGGTATCCTGGATGTCTTCATGGTACATGCAATCAGCCATGGCAATGTAACTGTGACGAAGGATGGGGAGGA
TTATTCTGCAACCAAGATCTAAATTACTGTACAAATCACAAGCCTTGCAAACACGGTGGAACATGCACTAATACTGGCCAAGGATCATAT
ACTTGTACTTGTATTGATGGTTACAGTGGTAAAAACTGTGAAAAGCAAGCTGATGATTGCGTGAATCAGCCATGTTTAAATGGAGCAAC
TTGCAAGAGTCTCGGTAAAAATTATACTTGTGAGTGTCCACTTGGCTTCTTTGGTCAACATTGTGAAACTGCCGCAAGCACTTGTACTGA
AAATCCTTGTCAAAATGGCGGAACCTGTGTTGATGGACCGAGTGGTTACTTATGTGTATGCCCTCCTGCCTTTGAAGGGTTAAGATGCG
ACACTCAAAAAGATCAGTGTGAACCTACTCCTTGCAAAAATGGAGGAAGTTGCCTTAGGAAGGATGACTCTTACAACTGTGTATGTCCT
ACTGGATTTACTGGTGACAACTGTGAAACGGACATTGACGATTGCCTGATCAATCCTTGCCTTAATGGTGGATCTTGCATTGATGACATC
AACTCCTTCCGTTGTGGCTGTGTACCAGGATTTATTGGTTCTTTGTGTCAAACGAATGTTGATGACTGCTTGACCAAGCCGTGCTCTAATG
GAGGAACTTGCCATGATTTGATCAACGACTACCGTTGTGATTGTGCTCCAGGTTTTGGAGGAAAAGACTGTTCCATTAATGTTGATGAAT
GCCAATCAGAACCATGCCTCAATGGTGGCAAATGTGAGGATCTTGTGAATGAATATCTGTGTCATTGTACTCCTGGATTCAGGGGAAGG
CAGTGTGAAAAACGTGATGGTATTTTAGATTCTATTCTTCCGATTCCGAAGGGGAATGGTGTCACTATCAGTAGTAAGAATGATGCTAA
AGAGGTTCGCCAAACATTTGCAAAAAACTATCAGCGAGATGAGCTGCTCAATTCTAATGGAAACTTAGCTGGGGACAGTAATGATATGC
TCATTAATCCGACGGCATTATTGGAAATAGCTCATCAAGTGTCTGATGAGGAAAGTATTTCAGACTCAAGAAACTATGCTAAAACAAAC
CAAGTTCCTCTCATTGTGTCCATATGTTCTGTAGCTCTTCTCCTGTTGGTGTTTATTCCTATCGCGTATAAATGCCGGCAGCATTCACGCCA
AAAACGCGAGCAGCGTGAGATTGACGCTGAAGCTTGCAGACAAAATGAACAAAATAATATCATGAACAATAAATGCCTAGATAACCAA
ATAATAAACACTCTTGGTCTATCTGGTCACAAAACTCTTAAAATGACCAATGAAGGGCAAGACTCTTCCTTCTTCCAAAAAAGTGGAGAA
GATCCTCTTCAAAGGACTACAAAACTATTAAATAATGAATGTACGTGTAGTAGTAGTACTAGTACTAGAAGTAGTAAAGTGCTGGACAC
AGACTTAGAGCATGAATGTGCTCCAAGGACATTAGACAAAAGTTCTTCAAATATAGCATCGAGCAAAAGGTAATTGCTATAAGAATATA
GCCTGTGATCTAGTTCCTTTAATTTATTTGTAAAGTATTATTAGATGTTGTATATAAATATTATTGGCAGAGAAAAGAACACCCATGTTTT
TATGGAATTGTATTTGTTCAAATACCAATATAGATCTCGAATTTTTTGTGTATGAGGAAAGAAAAAAAAAGATATAATTTGATCGTATGA
TCAAAACTATAATATTTATTTTGATGATAATTTTCTAATATGCTGATTTTTTTATTTTAAATTTTAGGAATTATATATGCCTCTTTTTTTTCAA
TCGTACATATTGGTTATCTTATTATATCAATACATGAACTAGAACTGAAATTTCTGTACAATATGTTACTTATGATTTTTTCGAATATTCAA
AAATTCATAATTATCTTTTGACAGCGATCCATCCCTGTATCCTTCGATAAGGGATCTATGTGGACAGAGTAGTGTCTATGTTATAAGCACT
CACTGTATAGATGAAGGAGGTTTAATTATGATTGTTTATTATTTCGAAAGTAGTGTAGTATTAAATTTACCTGCATTTTTAG 
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Pt-forkhead   length = 1667bp 
GTGTGTACGTTCTAGGTTGACACGAAAAGCACTGAATGTGTACCAACCAACAATATGATAAGAGGTATTTGGACTATGTGACGTTTCTC
GTGTTATGAAGATTATTTTTTGATGTTTTTTGTGACCAACTAATGGATATTTGAGCCGCGACGAATCAGATTATTTCAATACGCAATCGTT
TAAACAGAAGTAAGTCAATATTTGAAATGAATTTTTGATTCGGACTTATTGACTTGAAGTTATCAGTTATTAATCTGATAAGTAAATAGAT
TTTACTGTTTACAACAAGATTCGAATTATTTTTTGTCATCGAACTTTTATTTGAAAAAAGAACTTTGTTTTGATAATTTTTGAATTTTTCTAA
AAAAAAAAAAATTCAATTATACTTCATGTTAACGCACAAGAGCTTTCCTGATTGCTCTACCATGCCTTCTGGTAATTACATGCCAGTGACA
TCCATGCCCATGTCCCTCAACTATTCGACTCCTCAATTTAATGCTGGACTTTTGTCACCACAAAATATGGCAGCTGTTGCCCCAGCGTGTA
TGACACAACCTATGCCGCCTATTGGCAGCATAACACCACTCAACAATGTTGCTCCAAATCGAACCGATATGCAAACTTATGTCAATACAG
ATTATCATTCTGACCCCAACTTGGCTCTGAAGGCTAGGAATGATAAGTTTAGAAGATCTCTTCCTCACGCCAAACCTCCATATTCCTACAT
ATCGTTGATTACGATGGCAATTCAAAACAGTCCCCAGAAAATGCTGACCCTTAATGAGATTTATCAATTCATTGTGGACATTTTCCCTTTT
TACCGCCAAAACCAACAAAGATGGCAGAATTCCATACGACACAGCCTAAGCTTCAACGATTGCTTCGTGAAAGTGGCTCGAACTCCGGA
TAAGCCAGGAAAAGGTAGCTTTTGGGCTCTGCACCCCGAATCTGGCGACATGTTCGAGAATGGTTGTTTTCTAAGGCGCCAAAAACGTT
TCAAGTGTACGAAGAAAGAAGCTATCCGTCAGACTCAAAAGTGCCAAAAAAGTCCGGGAGATCAAAGTGTGAAGTCAGAACCCGAGAT
GAATTCTTCGCCAAAAATGGATCCAAAATCTTCACCTATGAAAGTTCCAGAGATGGAACAGCCATGCTTGCCGCCTGTAAACACATCGTT
GCCCTCGACAACAGATGCCTATCAACAAATGTACCAAATCCAATCATTCAACGCCAACAGCAATGCAACTAATAGTTCCAGAAACAGACT
TGACTGTTACAAGCAAGAAATGCTGTATTCTTCGCACAGGTATCCAGAATCCTGCTCCGTATCCGATCCAGGAATGGATCATAATGCTTA
CCAGGACATTATGAAGGACCTGTTTTTCCTGCAGCAACCCAACTACAAACTAGAACCAGGTTTTAATGCTACTAGTCATCCTTTTTCAATA
AATAATATAATTTCGAACCCTGATCCAAAAATGGATTCCAAATTCTTTGAAATGACAGTGCCTCATTATAGTAACTATAGTTCTGGCATGC
CAACTAGTGACAATATGGCATACTATTCCCCATCTTTCTATTCTGTGCCCCAACCTGTTACTTCCGATGTGTGAATCAGCCATTTCTGCCCG
ATTTATAAGTACTTAAAAGCAATGGACTTGCTTTCTAGA 
 
Figure 10 – Contig sequences for the posterior markers caudal, Delta and forkhead. Highlighted in black 
are the regions for which the primers were designed. 
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Figure 11 – Pt-AP-2.2 RNAi leads to abrogation of engrailed expression in posterior segments of 
developing Parasteatoda embryos (B’, asterisk), as opposed to clear pattern of striped expression in 
wiltype embryos (A’, arrowheads). (A and B) Same embryos as in (A’) and (B’) showing clear in situ 
hybridization pattern for engrailed under cold light. In all images anterior is up. GZ – growth zone; O – 
opisthosomal segments. Fluorescence images show SYTOX® Green labeled nuclei. 
 
 
 
In Drosophila, AP-2 has been documented as being responsible for joint formation in the legs, 
acting in tandem with Notch to promote cell survival and proliferation in the inter-joint regions 
(which will become the leg segments per se)34. The RNAi experiments have shed some light 
into the role of these transcripts. Pt-AP-2.2 appears to be responsible for the formation of 
posterior-most structures in the developing embryo. The range of phenotypes obtained points 
to a function, not only in spinnerets primordia, but also in the growth zone. As for Pt-AP-2.1, 
the lack of phenotypes is, with all probability, a matter of technical impairment, since this 
gene’s expression domains are similar to those reported in Drosophila, where conditional 
knockout induces a reduction of joint number in the legs and leg shortening, while 
misexpression experiments lead to ectopic joint formation34. It would be very interesting, as 
soon as these tools become available, to test whether misexpression of Pt-AP-2.1 also leads to 
a similar phenotype as that observed in Drosophila. Interestingly, in the previous study 
performed on Cupiennius, which served as the starting point for these experiments, a single 
A A’ 
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Figure 12 – Pt-AP-2.2 RNAi leads to abrogation of wnt8 expression in the growth zone of developing 
Parasteatoda embryos (B’, asterisk), as opposed to normal expression in the growth zone of wildtype 
embryos (A, asterisk). (A and B) Same embryos as in (A’) and (B’) showing clear in situ hybridization 
pattern for wnt8 under cold light. In all images anterior is up. GZ – growth zone; O – opisthosomal 
segments. Fluorescence images show SYTOX® Green labeled nuclei. 
 
 
 
AP-2 gene was reported as found. Moreover, this single gene’s expression pattern is equivalent 
to those of Pt-AP-2.1 and Pt-AP-2.2 combined, i. e., Cupiennius' AP-2 gene shows ring-like 
expression in the walking legs and pedipalps, while also showing expression in the spinnerets’ 
limb buds (but not in the growth zone, as far as was observed). Another interesting difference 
is the temporal pattern of this gene in the O5 limb buds: in Cupiennius, both limb buds start 
expressing this gene, but as development continues, expression in O4 diminishes and 
ultimately fades completely, while in O5 expression is retained and strengthened4; in 
Parasteatoda, however, such phenomenon was not observed – both limb buds expressed the 
AP-2.2 gene and maintained the same levels of expression throughout development. The 
biological significance for these differences is unclear, but could be somehow associated with 
differences in silk gland type and structure, which was not analyzed in either species. Since 
there is evidence of whole genome duplication in the entirety of the spider group66, it could 
also be possible that there are, in fact, also two AP-2 genes in Cuppienius with complementary 
A A’ 
B B’ 
* 
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effects. Additionally, as no functional studies have been performed on this gene in Cupiennius, 
it is yet unknown if the deriving phenotypes will match those in Parasteatoda or not. 
Alternatively, given the fact that Cupiennius is positioned lower than Parasteatoda in the 
evolutionary tree, one might also put forth the hypothesis that there is originally a single AP-2 
gene in the spiders' genome that later in evolution suffered a duplication event followed by 
sub-functionalization: one of the copies retained the ring-like pattern in the thoracic 
appendages, while the second copy kept its role in spinneret formation. Since the silk gland 
and spinnerets structure and arrangement is different in these two species, it could well be 
that this duplication event allowed for a much finer regulation of each copy and so permit the 
development of a structurally different set of spinnerets and/or silk glands in Parasteatoda. 
The AP-2 gene is also strongly conserved in mice and humans30, 31 and is notably involved 
in cell survival and growth, as evidenced by its anti-apoptotic function in kidney development67, 
anti-tumorogenesis and anti-metastatic effects68, 69 and general role in correct head and limb 
morphogenesis70. These data further evidence the degree of conservation that has been 
preserved in the function of this gene, from arthropods to vertebrates. As such, it would 
inspire one to think that, in the spider, Pt-AP-2 might be somehow involved in limb 
morphogenesis, and cell survival, in accordance to its observed expression domains and RNAi 
phenotypes. 
In the future, the RNAi experiments should be repeated, both to confirm the already 
obtained Pt-AP-2.2 phenotypes, and to observe phenotypes out of the Pt-AP-2.1 knockdowns. 
A more detailed analysis of the cuticle of the post-embryo and first molted juveniles would 
also lead to a better understanding of the consequences that the lack of these genes imposes 
on the fully formed individuals. Cloning and in situ hybridization of additional posterior 
markers in RNAi embryos, such as caudal, Delta and forkhead, will also help reveal some the 
downstream network of genes under the influence of the Pt-AP-2 genes. This will be an 
important hallmark, as it will help unravel the molecular mechanisms that govern spinneret 
and/or silk gland development, which are unique structures with a profound evolutionary 
significance. 
The finding that AP-2 is also conserved in a variety of distantly related animal groups 
reiterates and reinforces, along with the tracheal genes found herein, the theory that 
embryonic development is an extremely fine-tuned biological event and is under the control of 
a very strict genetic programme that shares several commonalities in the key molecular 
players deployed and the respective genetic cascades they coordinate across the whole animal 
kingdom. 
The spinnerets are truly unique appendages and are restricted to spiders. Although there 
are many instances of silk production among arthropods, none have developed such a refined 
and specific structure as the spider’s spinnerets. As to their origin, the strongest contesting 
theory so far is that they are serially homologous to the thoracic walking legs4, 6, 7. This raises 
the interesting questions of how and why these structures were specifically retained in these 
abdominal segments and whether or not one could induce the ectopic development of extra 
sets of spinnerets or even suppress the development of normal spinnerets. Work done on the 
Hox complex has already shown the involvement of Antennapedia in spider abdominal leg 
suppression in at least the first few abdominal segments72. Indeed, in tarantulas, which 
represent a more basal and ancient group of spiders, one can observe particularly long 
spinnerets, with clear leg-like segmentation and that occasionally strut rhythmically when the 
spider is moving, all reminiscent of their putative leg-like origin. 
 
 
 
 
 
 
- 42 - 
 
Conclusion 
As shown by this study, spiders can provide useful and important insights into the Evo-
Devo of this group and prove themselves as worthy candidates for becoming the next 
mainstream model species. I have here identified several developmentally important genes in 
Parasteatoda tepidariorum and that are also conserved in Drosophila and mammals.  
An important step in this work would be to confirm the results already obtained, 
especially with a set of control experiments which should include performing in situ 
hybridizations with sense probes to verify anti-sense probe specificity in all performed 
hybridizations, as well as using non-overlapping fragments of the same double stranded RNA 
sequence to rule out off-target effects in RNAi experiments. 
Besides Cupiennius and Parasteatoda, which have been compared and referenced 
throughout this work, some work has also begun in other species, such as the tarantula 
Acanthoscurria geniculata and the common cellar spider Pholcus phalangioides. All these 
species belong to different groups within the spiders, covering much of the big groupings of 
spiders along their evolutionary tree, ranging from the ancient, such as tarantulas 
(Acanthoscurria), passing by haplogyne spiders (Pholcus) in an intermediate position, all the 
way up to “higher spiders” (Entelegynae), where Parasteatoda and Cupiennius are found. As 
such, much like the work performed to date in insects, there are several candidate species 
spanning several relevant groups within the order that could provide vital and unique points of 
view by allowing comparisons between spider groups and then with outgroups such as the 
familiarized and extensively studied insects. It is also worth remarking that work is underway 
to obtain the sequenced genome on several of these species, which will certainly allow 
technological leaps and lead to a great many important discoveries. There is no doubt, 
therefore, given the topics discussed in this thesis, that spiders have proven to be an 
invaluable model for uncovering new perspectives on the developmental mechanisms and 
evolution of arachnids, chelicerates, arthropods and, indeed, panarthropods. 
Overall, this work has been an important experience, since it has allowed me to realize 
the importance of planning experiments ahead, the importance of control experiments in 
providing a comparison point with the experimental outcomes and the value of teamwork in 
troubleshooting. It has also helped me understand the true pace of experimental science and 
the fact that science is slow in its making, with recurring ups and downs; for such a short 
period of work, the initial goals set for this endeavor were clearly over-ambitious. All in all, I 
arrive at the end of this journey enriched from the myriad experiences and all the gain in both 
knowledge and skill. 
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Annexes 
 
Whole sequence, size and melting temperature of used in primers for 
RACE-PCRs and Standard PCRs performed 
 
 
 
Primers used for RACE-PCR 
Gene Sense Sequence (5' to 3') Size (bp) TM (ºC) 
contig42047 Forward TGCCCGACAAGTAGCCGAATACCTCTC 27 71,5 
 
Reverse GTGGTAACGCCTGGAACAATACTGGCTATG 30 72,1 
contig08798 Forward ACAACTGAACGCGTACCAGAATTCTGGTGG 30 72,1 
 
Reverse GAGAAGGGTTACGTTTGCAGCTTTTCGCCT 30 72,1 
 
Forward CACAGTGACCCCAGTGACCTTTACAGAAG 29 71,9 
contig25296 Forward GGGAAGTGCAAAGGGACTATCACCACC 27 71,5 
 
Reverse GGATGCAATGGGTCATCTCACGTCGAACA 29 71,9 
contig33662 Forward AACAGCGGCGGACGTTAACAGTCTCATCA 29 71,9 
 
Reverse CAATGGCATGGGAGCCAAATCCGTGTGAA 29 71,9 
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Primers used for standard PCR 
Gene Sense Sequence (5' to 3') Size (bp) TM (ºC) 
contig42047 Forward GATCGACGAGAACTGGTGGT 20 60,5 
 
Reverse AGGCTGGATCTGTGTAATTCCT 22 60,1 
 
Reverse AAGCATGTATTTGATTTTTGAATGGG 26 60,1 
contig08798 Forward GGAGGACACCATGGTCTTAG 20 60,5 
 
Reverse AAACGTGTGTCCCACCAGAAT 21 59,5 
 
Reverse AACATTTCTGGGACGGCAGG 20 60,5 
sprouty Forward ACTTCAGACGGACATTGCCC 20 60,5 
 
Reverse CATGTAATGAATGGGTCTTCTCTA 24 60,3 
trachealess Forward AAGCACGCACATTCTTCAGTCA 22 60,1 
 
Reverse TGTGTACATACTGTTCCGGGTT 22 60,1 
tango38 Forward CAACTCGTCTTACTGTGGATA 22 60,1 
 
Reverse CAACAGAGAATAAATCTAACTGGG 24 60,3 
tango20 Forward ATTTTAAGGATGGCTGTTGCTCAT 24 60,3 
 
Reverse AGATCACTATTGTTGGGTGGTG 22 60,1 
spalt-related35 Forward AGGCCTATCATCGGATAGGG 22 60,1 
 
Reverse ACAATCCACCAATGCTGTATGG 22 60,1 
spalt-related18 Forward ACTACCGCAGCCACACCAAA 20 60,5 
 
Reverse GTGTTTTGTTTTCTATTTGGCGCA 24 60,3 
 
Reverse CTTTCTAAACATAAAACAGTTGTGCT 26 60,1 
caudal Forward GATGGGAGATGGTTCCTACC 20 60,5 
 
Reverse ACACTTATTTAACAGTCAGTAGATAC 26 60,1 
forkhead Forward TCAATTATACTTCATGTTAACGCACA 26 60,1 
 
Reverse GCAGAAATGGCTGATTCACACA 22 60,1 
Delta Forward TATTTAGTTGGGATCGCTGTTACT 24 60,3 
 
Reverse ACATGGGTGTTCTTTTCTCTGC 22 60,1 
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Note 1: All “Reverse” sequences are here listed not only in reverse to their original sense (5’ to 
3’), but also complementary to their original sequence in the gene. 
 
Note 2: Ordered primers have to be dissolved in mQ H2O to a final concentration of 100μM. 
These will constitute the stock solutions for the primers. From these stock solutions, a 1:10 
dilution in mQ H2O is prepared. These are the aliquots that are actually used in the PCR 
reactions, which end up with a final concentration of 10μM and, hence, are ready to be 
directly applied into the reaction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
- 51 - 
 
Specifics of the pCRII plasmid vector used for gene cloning 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Taken from the pCRII manual, copyright by Invitrogen. 
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Detailed protocols for the performed in situ hybridizations 
 
 
Simple In Situ Hybridization – Single Color 
 
Preparation of embryos for hybridization 
Remove vitellin membranes using watchmaker forceps (Dumont 5) 
Transfer the embryos to 2mL eppendorf tubes in 100% methanol  
                                                                                                                                          Day 1 
 
Return embryos to room temperature 
Immerse 5 minutes in 50% methanol in PBS-T 
Immerse 5 minutes in 30% methanol in PBS-T  
Wash three times in PBS-T for 5 minutes each 
Fix for 20 minutes in 5% formaldehyde in PBS-T at room temperature (1,0mL PBS-T + 170µL 
37% formaldehyde) 
Wash three times in PBS-T for 5 minutes each 
 
 
Proteinase digestion and post-fixation 
Incubate with proteinase K (3,5µL per 10mL of PBS-T), at room temperature for 4 minutes 
Rinse briefly in PBS-T  
Wash twice in PBS-T for 5 minutes 
Fix for 20 minutes in 5% formaldehyde in PBS-T at room temperature 
Wash three times in PBS-T for 5 minutes each 
Wash embryos once in PBS-T - HYB-B (1:1) for 5 minutes 
 
 
Pre-hybridization 
Incubate embryos in 500µL HYB-B for 5 minutes at 65°C 
Replace HYB-B with 500µL of HYB-A 
Pre-hybridize at 65°C for 1 hour in HYB-A 
 
 
Hybridization 
Remove as much HYB-A solution as possible without letting the embryos touch air 
Add 50µL of fresh HYB-A containing 2µL of DIG-labeled RNA probe, so that all embryos are 
covered by the solution 
Incubate overnight at 65°C 
                                                                                                                                          Day 2 
 
Probe removal  
Add 500µL HYB-B and incubate at 65°C for 10 minutes 
Remove as much as possible of the hybridization solution 
Add 500µL HYB-B and incubate at 65°C for 10 minutes 
Replace with 500µL fresh HYB-B and incubate at 65°C for 30 minutes 
Replace with 500µL 25% HYB-B + 75% PBS-T and incubate at 65ºC for 30 minutes 
Wash embryos twice with PBS-T (5 minutes each) 
Wash embryos twice with PBS-T (15 minutes each) 
Additional PBS-T wash steps are allowed 
Incubate in PBS-T supplemented with 1x blocking solution (diluted in PBS-T) for 30 minutes 
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Detection 
Add anti-DIG antibody (Fab-AP, Roche) to a final dilution of 1:2000 in PBS-T 
Incubate for 3 hours at room temperature 
Wash twice for 10 minutes each with PBS-T 
Wash twice for 30 minutes each with PBS-T 
Additional PBS-T wash steps are allowed 
Wash overnight with PBS-T at 4°C 
                                                                                                                                          Day 3 
 
Wash 3 times for 5 minutes each in staining buffer 
Incubate in staining buffer with 4,5µL NBT + 3,5µL BCIP per mL staining buffer (Roche) 
Stain in the dark (can take several hours) at room temperature – staining at 4°C takes even 
longer but can also enhance staining quality 
Stop staining reaction by several washes in PBS-T 
Store embryos in PBS-T containing 50µL formaldehyde at 4°C 
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Double In Situ Hybridization – Two Color 
 
Preparation of embryos for hybridization 
Remove vitellin membranes using watchmaker forceps (Dumont 5) 
Transfer the embryos to 2mL eppendorf tubes in 100% methanol 
                                                                                                                                          Day 1 
 
Return embryos to room temperature 
Immerse 5 minutes in 50% methanol in PBS-T 
Immerse 5 minutes in 30% methanol in PBS-T  
Wash three times in PBS-T for 5 minutes each 
Fix for 20 minutes in 5% formaldehyde in PBS-T at room temperature (1,0mL PBS-T + 170µL 
37% formaldehyde) 
Wash three times in PBS-T for 5 minutes each 
 
 
Proteinase Digestion and Post-Fixation 
Incubate with proteinase K (3,5µL per 10mL of PBS-T), at room temperature for 4 minutes 
Rinse briefly in PBS-T 
Wash twice in PBS-T for 5 minutes 
Fix for 20 minutes in 5% formaldehyde in PBS-T at room temperature 
Wash three times in PBS-T for 5 minutes each 
Wash embryos once in PBS-T - HYB-B (1:1) for 5 minutes  
 
 
Pre-hybridization 
Incubate embryos in 500µL HYB-B for 5 minutes at 65°C 
Replace HYB-B with 500µL of HYB-A 
Pre-hybridize at 65°C for 1 hour in HYB-A 
 
 
Hybridization 
Remove as much HYB-A solution as possible without letting the embryos touch air 
Add 100µL of fresh HYB-A containing 2µL of Wingless DIG-RNA probe and 1μL Engrailed FL-
RNA probe, so that all embryos are covered by the solution 
Incubate overnight at 65°C 
                                                                                                                                          Day 2 
 
Probe removal  
Add 250µL HYB-A and incubate at 65°C for 10 minutes 
Remove as much as possible of the hybridization solution 
Add 500µL HYB-B and incubate at 65°C for 1 hour 
Replace with 500µL fresh HYB-B and incubate at 65°C for 1 hour 
Replace with 500µL fresh HYB-B and incubate at 65°C for 1 hour  
Replace with 500µL 50% HYB-B + 50% PBS-T and incubate at room temperature for 10 minutes 
Wash embryos six times with PBS-T, 10 minutes each 
Additional PBS-T wash steps are allowed. 
Incubate in PBS-T supplemented with 1x blocking solution (diluted in PBS-T) for 30 minutes 
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Detection 
Add anti-DIG antibody (Fab-AP, Roche) to a final dilution of 1:2000 in PBS-T 
Incubate for 3 hours at room temperature 
Wash twice for 10 minutes each with PBS-T 
Wash twice for 30 minutes each with PBS-T 
Additional PBS-T wash steps are allowed 
Wash overnight with PBS-T at 4°C 
                                                                                                                                          Day 3 
 
Wash 3 times for 5 minutes each in staining buffer 
Incubate in staining buffer with 4,5µL NBT + 3,5µL BCIP per mL staining buffer (Roche) 
Stain in the dark (can take several hours) at room temperature – staining at 4°C takes even 
longer but can also enhance staining quality 
Stop staining reaction by several washes in PBS-T. 
Incubate in 500μL PBS-T + Hyb-B (1:1) for 5minutes at room temperature 
Replace with 500μL PBS-T + Hyb-B (1:1) and incubate for 20minutes at 65ºC 
Wash six times in PBS-T (10 minutes each) 
Incubate in PBS-T supplemented with 1x blocking solution (diluted in PBS-T) for 30 minutes 
 
 
Detection 2 
Add anti-FL antibody (Fab-AP, Roche) to a final dilution of 1:2000 in PBS-T 
Incubate for 3 hours at room temperature 
Wash twice for 10 minutes each with PBS-T 
Wash twice for 30 minutes each with PBS-T 
Additional PBS-T wash steps are allowed 
Wash overnight with PBS-T at 4°C 
                                                                                                                                          Day 4 
 
Wash 3 times for 5 minutes each in staining buffer 
Incubate in staining buffer with 5µL INT/BCIP per mL staining buffer (Roche). Stain in the dark 
(can take several hours) at 4°C 
Stop staining reaction by several washes in PBS-T. 
Store embryos in PBS-T containing 50µL formaldehyde at 4°C 
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Double In Situ Hybridization – Single Color 
 
Preparation of embryos for hybridization 
Remove vitellin membranes using watchmaker forceps (Dumont 5) 
Transfer the embryos to 2mL eppendorf tubes in 100% methanol  
                                                                                                                                          Day 1 
 
Return embryos to room temperature 
Immerse 5 minutes in 50% methanol in PBS-T 
Immerse 5 minutes in 30% methanol in PBS-T 
Wash three times in PBS-T for 5 minutes each 
Fix for 20 minutes in 5% formaldehyde in PBS-T at room temperature (1,0mL PBS-T + 170µL 
37% formaldehyde) 
Wash three times in PBS-T for 5 minutes each 
 
 
Proteinase digestion and post-fixation 
Incubate with proteinase K (3,5µL per 10mL of PBS-T), at room temperature for 4 minutes 
Rinse briefly in PBS-T  
Wash twice in PBS-T for 5 minutes 
Fix for 20 minutes in 5% formaldehyde in PBS-T at room temperature 
Wash three times in PBS-T for 5 minutes each 
Wash embryos once in PBS-T - HYB-B (1:1) for 5 minutes 
 
 
Pre-hybridization 
Incubate embryos in 500µL HYB-B for 5 minutes at 65°C 
Replace HYB-B with 500µL of HYB-A 
Pre-hybridize at 65°C for 1 hour in HYB-A 
 
 
Hybridization 
Remove as much HYB-A solution as possible without letting the embryos touch air 
 Add 100µL of fresh HYB-A containing 2µL of Wingless DIG-RNA probe and 1μL Engrailed DIG-
RNA probe, so that all embryos are covered by the solution 
Incubate overnight at 65°C 
                                                                                                                                          Day 2 
 
Probe removal  
Add 500µL HYB-B and incubate at 65°C for 10 minutes 
Remove as much as possible of the hybridization solution 
Add 500µL HYB-B and incubate at 65°C for 10 minutes 
Replace with 500µL fresh HYB-B and incubate at 65°C for 30 minutes 
Replace with 500µL 25% HYB-B + 75% PBS-T and incubate at 65ºC for 30 minutes 
Wash embryos twice with PBS-T (5 minutes each) 
Wash embryos twice with PBS-T (15 minutes each) 
Additional PBS-T wash steps are allowed 
Incubate in PBS-T supplemented with 1x blocking solution (diluted in PBS-T) for 30 minutes 
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Detection 
Add anti-DIG antibody (Fab-AP, Roche) to a final dilution of 1:2000 in PBS-T 
Incubate for 3 hours at room temperature 
Wash twice for 10 minutes each with PBS-T 
Wash twice for 30 minutes each with PBS-T 
Additional PBS-T wash steps are allowed 
Wash overnight with PBS-T at 4°C 
                                                                                                                                          Day 3 
 
Wash 3 times for 5 minutes each in staining buffer 
Incubate in staining buffer with 4,5µL NBT + 3,5µL BCIP per mL staining buffer (Roche) 
Stain in the dark (can take several hours) at room temperature – staining at 4°C takes even 
longer but can also enhance staining quality 
Stop staining reaction by several washes in PBS-T 
Store embryos in PBS-T containing 50µL formaldehyde at 4°C 
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Solutions used and their respective composition 
 
PEMS 
100mM PIPES 
1mM EDTA 
1mM MgSO4 
Fill with mQ H2O 
pH = 6,9 
 
 
PEMT 
200mL PEMS 
200μL 10% Tween20 
Fill to 300mL with mQ H2O 
 
 
PBS (10x) 
80g NaCl 
2g KCl 
2g KH2PO4 
11,5g Na2HPO4 
Fill to 1L with mQ H2O 
pH = 7,4 
 
 
PBS-T 
50mL 10x PBS 
1mL 10% Tween 20 
Fill to 500mL with mQ H2O 
 
 
Staining Buffer 
5mL 1M Tris pH = 9,5 
2,5mL 1M MgCl2 
1mL 5M NaCl 
0,1mL 10% Tween20 
Fill to 50mL with mQ H20 
 
 
10x Blocking Solution 
10mg BSA/mL PBS-T 
2% Sheep Serum 
 
 
GTE Buffer 
For 100mL: 
 
0,9g glucose 
2,5mL 1M Tris pH = 8,0 
2mL 0,5M EDTA pH = 8,0 
Fill with mQ H2O 
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Alkali-SDS Solution (0,2N NaOH, 1% SDS) 
For 50mL: 
 
0,4g NaOH pellets 
2,5mL 20% SDS 
47,5mL mQ H2O 
 
 
Acetate Solution 
 
For 86mL: 
50mL 5M Potassium acetate 
25mL 17,5M glacial acetic acid 
11mL mQ H2O 
 
 
Hyb-A 
25mL Formamide 
12,5mL 20x SSC pH = 7,0 
1mL 10mg/mL salmon testis DNA 
250μL 20mg/mL tRNA 
25μL 100mg/mL heparin 
0,1mL 10% Tween20 
Fill to 50mL with mQ H2O 
pH = 6,5 
 
 
Hyb-B 
25mL Formamide 
12,5mL 20x SSC pH = 7,0 
0,1mL 10% Tween20 
Fill with mQ H2O 
pH = 6,5 
 
 
 
